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ON THE KODAIRA DIMENSION OF THE MODULI OF DEFORMATION
GENERALISED KUMMER VARIETIES
MATTHEW DAWES
Abstract. The moduli K2d of deformation generalised Kummer fourfolds with polarisation of
split type and degree 2d is related to an arithmetic quotient F2d of orthogonal type. We show
that F2d and K2d are of general type whenever d exceeds bounds we determine, conditional on
the existence of certain cusp forms for the orthogonal group. We go on to construct cusp forms
for d satisfying certain arithmetic properties in order to obtain general type results for F2d and
K2d.
1. Introduction
A deformation generalised Kummer variety is a compact hyperka¨hler manifold (irreducible
symplectic manifold) related to an abelian surface. There is a moduli spaceK2d parameterising 4-
dimensional deformation generalised Kummer varieties with split polarisation of degree 2d. Each
moduli space K2d is related to an arithmetic quotient F2d of a type IV Hermitian symmetric
space DL by a subgroup Γ ⊂ O(2, 4) (i.e. an orthogonal modular variety or an orthogonal
modular fourfold). The purpose of this paper is to prove general type results for the spaces F2d
and K2d.
We approach the problem by studying the growth of the plurigenera of a smooth projective
model F˜2d for F2d using modular forms for Γ. A weight-4k modular form F defines a mero-
morphic k-fold differential form Ω(F ) on F˜2d. The differential form Ω(F ) is regular only if the
modular form F lies outside certain spaces of obstructions, which we divide into three categories.
(1) Cusp obstructions, which arise from the failure of Ω(F ) to be regular at the boundary
of a compactification of F2d;
(2) elliptic obstructions, which arise from the failure of Ω(F ) to be regular above certain
non-canonical singularities in F2d and compactifications;
(3) reflective obstructions, which arise from the failure of Ω(F ) to be regular along the branch
divisor of the projection DL → F2d.
We obtain results on the growth of the plurigenera by estimating the codimension of the space
of obstructions in the space of weight-k modular forms. By exhibiting certain cusp forms for Γ
and applying a technique known as the low-weight cusp form trick we can construct spaces of
modular forms lying outside the space of cusp obstructions. We then produce bounds for the
reflective obstructions by calculating Hirzebruch-Mumford volumes for groups associated with
the branch divisor, and address the elliptic obstructions by using techniques from lattice theory
and toric geometry. After calculating the Hirzebruch-Mumford volume of the group Γ, we are
left with an expression for the growth of the k-th plurigenus of F˜2d which we show is non-zero
for d≫ 0.
1.1. Main results. In Theorem 9.12 we show that F2d is of general type if there exists a non-
trivial cusp form of weight 3 for Γ and d > 252288, or if there exists a non-trivial cusp form of
weight 2 for Γ and d > 18504. Furthermore, we show that there are at most 18765 values of d
in the range 1170 ≤ d ≤ 252288 for which F2d is not of general type if there exists a non-trivial
cusp form of weight 3, and at most 1367 values of d in the range 90 ≤ d ≤ 18504 for which F2d
is not of general type if there exists a non-trivial cusp form of weight 2.
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In Proposition 10.1, we show there exists a non-trivial cusp form of weight 3 for Γ if d =
3(a2+b2+c2) for integers a, b, c satisfying ((a, b, c)−3abc, 6) 6= 1, thereby obtaining general type
results for K2d and F2d in Theorems 11.1, 11.2 and Corollary 11.3.
Theorems 11.1, 11.2 and Corollary 11.3 are the first results on the Kodaira dimension of the
spaces K2d and F2d. To the best of the author’s knowledge, they are also the first results on
the Kodaira dimension of orthogonal modular varieties of dimension 4, in contrast to orthogonal
modular varieties of larger dimension for which more is known [GHS07b,Ma18].
1.2. Outline of sections. In Section 3, we introduce the moduli theory of deformation gen-
eralised Kummer varieties and describe the modular group Γ. In Section 4, we classify non-
canonical singularities occurring in 4-dimensional orthogonal modular varieties. In Section 5,
we use the results of Section 4 to determine the non-canonical part of the singular locus of
F2d. In Section 6, we construct a smooth projective model for F2d and use toric methods to
estimate elliptic obstructions. In Section 7, we determine the branch divisor of F2d. In Section
8, we perform Hirzebruch-Mumford volume calculations. In Section 9, we prove Theorem 9.12
and Proposition 9.13, which state that there exist modular forms for Γ outside the space of
reflective obstructions when d is greater than bounds we determine. In Section 10, we construct
low-weight cusp forms by the lifting of Jacobi forms of half-integral index due to Clery and
Gritsenko. In Section 11 we produce general type results.
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2. Notation and Definitions
1
m(a1, . . . , a4) Depending on context, one of:
- the matrix diag(ξa1m , . . . , ξ
an
m )
- the vector 1m (a1, . . . , a4) ∈ N ⊗Q for some lattice N
- the finite quotient singularity C4/〈diag(ξa1m , . . . , ξ
an
m )〉
(where ξm = e
2πi/m).
Cr The cyclic group of order r.
D(L) The discriminant group L∨/L of the lattice L.
DL A spinor component of the quadric
{[x] ∈ P(L⊗ C) | (x, x) = 0, (x, x) > 0}
where L is a lattice of signature (2, n).
δ A homomorphism δ : SL(2,Z)× SL(2,Z)→ SO+(2U) defined in Lemma 5.7.
∆ A homomorphism ∆ : SL(2,Z)× SL(2,Z)→ O(L) defined as the trivial extension
of δ to (2U)⊥ ⊂ L for a primitive embedding 2U ⊂ L.
F2d or F2d(Γ) The modular variety DL/Γ.
F ′2d or F
′
2d(Γ) The modular variety DL/Γ
′.
F2d or F2d(Γ) A toroidal compactification of F2d.
FixDL(g) The set Fix(g) = {[x] ∈ DL | g.[x] = [x]} for an element g ∈ Γ.
Γ The modular group in O(L).
Γ′ A neat normal subgroup of Γ.
G The group Γ/Γ′.
IsoΓ([w]) The isotropy subgroup IsoΓ([w]) = {g ∈ Γ | gw = w} of w ∈ DL.
LF The tensor product L⊗ F (where F = C,Q, or R etc).
M The Beauville lattice 3U ⊕ 〈−2(n + 1)〉.
Mk(Γ, χ) The space of modular forms for Γ with weight k and character χ.
ν(x) The number of distinct prime divisors of x.
O(L) The orthogonal group of the lattice L.
O˜(L) The stable orthogonal group. i.e. the subgroup defined by
O˜(L) = {g ∈ O(L) | gx = x ∀x ∈ D(L)}.
O+(L) The kernel of the spinor norm on O(L).
O(L, h) The subgroup O(L, h) = {g ∈ O(L) | gh = h} for primitive h ∈ L.
P+ for P ⊂ O(L) The intersection P ∩O+(L).
σz The reflection defined by z ∈ L.
Sc The tube domain realisation of D corresponding to the isotropic vector c ∈ L.
qK The discriminant form of a lattice K.
Sk(Γ, χ) The space of cusp forms for Γ with weight k and character χ.
T[w] or T[w]DL The tangent space of DL at [w] ∈ DL.
U The hyperbolic plane. We define a standard basis for U as a basis with
Gram matrix
(
0 1
1 0
)
.
Vr The unique faithful Q-representation of the group Cr.
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3. Moduli and Orthogonal Modular varieties
3.1. Deformation Generalised Kummer varieties. If A is an abelian surface and A[n+1] is
the Hilbert scheme parametrising n+ 1 points on A, there is a natural morphism
p : A[n+1] → A
induced by addition on A. Deformations of the fibre p−1(0) are irreducible symplectic (compact
hyperka¨hler) manifolds of deformation generalised Kummer type (or deformation generalised
Kummer varieties) [Bea83].
For a deformation generalised Kummer variety X, the cohomology H2(X,Z) admits the
structure of an even lattice M (known as the Beauville-Bogomolov lattice). By the results of
Rapagnetta [Rap08], the lattice M is isomorphic to
M = 3U ⊕ 〈−2(n + 1)〉,
where U is the hyperbolic plane and 〈−2(n + 1)〉 is the rank 1 lattice generated by an element
x of length x2 = −2(n+ 1).
3.2. Orthogonal groups and lattices. We fix some notation and conventions on lattices and
groups that we shall use throughout. Let L denote an even lattice with discriminant group
D(L) := L∨/L [Nik79]. The orthogonal group of L (respectively L ⊗ F for a field F ) will be
denoted by O(L) (respectively O(L⊗F )). We shall also adopt the convention that if g ∈ O(L⊗R),
then the spinor norm snR(g) is defined by
snR(g) =
(
−(v1, v1)
2
)
. . . . .
(
−(vm, vm)
2
)
∈ (R/(R∗)2)
where g factors as the product of reflections g = σv1 . . . . .σvm for vi ∈ L ⊗ R [Kne02]. We
shall use O+(L ⊗ R) to denote the kernel of the spinor norm on O(L ⊗ R) and G+ to denote
the intersection of a subgroup G ⊂ O(L ⊗ R) with O+(L ⊗ R). For an element h ∈ L we let
O(L, h) := {g ∈ O(L) | gh = h}. We define the stable orthogonal group O˜(L) as the subgroup
of O(L) whose natural action on D(L) is trivial.
We let gen(L) denote the tuple (m+,m−;D(L), qL) wherem+ (respectively m−) is the number
of positive (respectively negative) squares in the signature of L and qL is the discriminant
form [Nik79] of L. By the results of [Nik79], gen(L) encodes a full set of p-adic invariants for L.
3.3. Moduli of Deformation Generalised Kummer varieties. For a more detailed account
of the moduli theory of irreducible symplectic manifolds we refer the reader to [GHS13], which
we follow. If X is a deformation generalised Kummer variety of dimension 2n, then a choice
of ample line bundle L for X defines a polarisation for X. By taking the first Chern class
c1(L) ∈ H
2(X,Z) we obtain an element h in the Beauville lattice M and a lattice L = h⊥ ⊂M
of signature (2, 4). The degree of the polarisation L is given by the length h2 = 2d and the
polarisation type [h] of L is defined as the O(M)-orbit of h. The numerical type of (X,L) is
defined as the tuple (2n,L, [h]). We assume all polarisations are primitive; that is, that h is
primitive in M .
By the results of Viehweg [Vie95] there exists a GIT quotient M parameterising irreducible
symplectic manifolds of fixed numerical type. By defining markings forM [GHS13], one obtains
a period map ψ :M→ ΛL where ΛL is the Hermitian symmetric space of type IV given by the
quadric
ΛL = {[x] ∈ P(L⊗ C) | (x, x) = 0, (x, x) > 0}.
The group O(M,h) acts on markings, and the period map descends to a holomorphic map
ψ′ : M → DL/O+(M,h) where DL is a connected spinor component of ΛL. As both M
and DL/O
+(M,h) are quasi-projective then, by a result of Borel [Bor72], ψ′ is a morphism of
quasi-projective varieties.
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By replacing the group O+(M,h) with the subgroup Mon2(M) ⊂ O+(M,h) generated by
Markman’s monodromy operators [Mar,Mar08,Mar10] one has the much stronger result that ψ
lifts to an open immersion ψ˜ :M→DL/Mon
2(M) (Theorem 3.10 [GHS13]).
3.4. The modular group Γ. From now on, we assume that all polarisations satisfy div(h) = 1
(and we shall refer to such polarisations as being of split type). By the Eichler criterion (Propo-
sition 3.3 of [GHS09]), the polarisation type of any split polarisation is uniquely determined by
its degree, and so we denote the associated moduli M by K2d. We shall also identify the group
Mon2(M), which we denote by Γ, with a subgroup of O(L).
Lemma 3.1. If h ∈ M represents a split polarisation type, then the lattice L = h⊥ ⊂ M is
isomorphic to
(1) L = 2U ⊕ 〈−2d〉 ⊕ 〈−2(n+ 1)〉.
Proof. This is Corollary 4.0.3 of [Daw15]. 
Proposition 3.2. Suppose h ∈ M represents a polarisation of split-type with 2d = h2 > 1.
Then,
Γ = {g ∈ O+(L) | g.v∗ = v∗ + L, g.w∗ = det(g)w∗ + L}
where v∗, w∗ ∈ L∨ are given by v∗ = −12d v, w
∗ = −12(n+1)w and v and w are the respective genera-
tors of the 〈−2d〉 and 〈−2(n+1)〉 factors of L. Moreover, if g ∈ Γ, then the characteristic poly-
nomial χg(x) of g satisfies the congruences χg(1) ≡ 0 mod 2d and χg(det g) ≡ 0 mod 2(n + 1).
Proof. Let e1, f1, . . . , e3, f3, w be a basis for M , where ei, fi is a standard basis for the i-th copy
of U in M , and w generates the 〈−2(n + 1)〉 factor of M . As div(h) = 1 then, by using the
Eichler criterion, we can assume that h is given by e3 + df3 ∈ M , and so we fix e1, . . . , f2, v, w
as a basis for the sublattice L ⊂M where v = e3 − df3.
Let W be the group
W = {g ∈ O+(M) | g|D(M) = ± id}
where χ :W → {±1} is the character defined by the action of W on D(M). By [Mon14],
(2) Mon2(M) = Ker(det ◦χ),
and so g ∈ O+(M) belongs to Mon2(M) if and only if g(w∗) ≡ det(g)w∗ modM . Therefore, if
g ∈ O(M) fixes h, then g ∈ Γ if and only if g(w∗) ≡ det(g)w∗ mod L.
Suppose g ∈ Γ. There is a series of finite abelian groups
(3) M/L⊕ 〈h〉 ⊂ (L∨/L)⊕ (〈h〉∨/〈h〉) = D(L)⊕D(〈h〉)
corresponding to the series of lattice inclusions
(4) L⊕ 〈h〉 ⊂M ⊂M∨ ⊂ L∨ ⊕ 〈h〉∨.
Let H denote M/(L⊕〈h〉), let PL and Ph denote the projections PL : H → D(L) and Ph : H →
D(〈h〉) in (3), and let HM,h = Ph(H) and HM,L = PL(H) denote the images of H under the
projections Ph and PL. Define the map γ
M
h,L by
γMh,L = PL ◦ P
−1
h : HM,h → HM,L.
By Corollary 1.5.2 of [Nik79], g ∈ O+(L) extends to an element of O+(M,h) if and only if
γML,h = γ
M
L,h ◦ g where g denotes the image of g under the natural homomorphism O(L) →
O(D(L)). As e3 =
1
2(h + v) and f3 =
1
2d (h − v) then H is generated by the classes of e3 and
f3. One calculates PL(e3) =
1
2v mod L = −dv
∗ mod L, PL(f3) = −12d v mod L = v
∗ mod L and
so HM,L = 〈v
∗〉. Therefore, γML,h(v
∗) = Ph(P−1L (v
∗)) = Ph(f3) = Ph( 12d (h − v)) =
h
2d mod 〈h〉
= h∗ mod 〈h〉 and γML,h : v
∗ 7→ h∗. Therefore, g ∈ O+(L) extends to O+(M,h) if and only if
h∗ = γML,hg(v
∗). By assumption, g(w∗) = det(g)w∗ modM , and by definition, (v∗, w∗) = 0.
Therefore, (gv∗, gw∗) = (gv∗,det(g)w∗ + M) = (gv∗, w∗) = 0 mod Z, and so gv∗ = αv∗ for
6 MATTHEW DAWES
some α ∈ Z taken modulo 2d. Therefore, g extends if and only if h∗ ≡ αh∗ mod 〈h〉, and so
α ≡ 1 mod 2d, from which the first part of the claim follows.
For the second part of the claim (cf. [Bra95]), take the basis of L given above and note that
the matrix of g is of the form
∗ ∗ ∗ ∗ 2d∗ 2(n+ 1)∗
∗ ∗ ∗ ∗ 2d∗ 2(n+ 1)∗
∗ ∗ ∗ ∗ 2d∗ 2(n+ 1)∗
∗ ∗ ∗ ∗ 2d∗ 2(n+ 1)∗
∗ ∗ ∗ ∗ 1 + 2d∗ 2(n+ 1)∗
∗ ∗ ∗ ∗ 2d∗ det g + 2(n + 1)∗

where ∗ denotes an element of Z. 
Lemma 3.3. If 2U ⊂ L is a primitive embedding of lattices, then there is an inclusion of groups
O+(2U) ⊂ O+(L) so that O+(2U) ∩ Γ = SO+(2U).
Proof. If 2U ⊂ L is a primitive embedding of lattices, then O+(2U) = O˜
+
(2U). Therefore, by
Lemma 7.1 of [GHS13], all g ∈ O+(2U) admit an extension to O˜
+
(L) by defining the action on
(2U)⊥ ⊂ L as the identity. If {ei, fi} is a standard basis of 2U , then the element v = e1 − f1
is of square length v2 = −2 and so SO+(2U) ⋊ 〈σv〉 = O
+(2U). However, σv acts trivially
on D(L) and det σv = −1. Therefore, by Proposition 3.2, σv /∈ Γ but SO
+(2U) ⊂ Γ, and so
O+(2U) ∩ Γ = SO+(2U). 
4. Singularities in Orthogonal modular fourfolds
In this section, we classify non-canonical singularities in an orthogonal modular fourfold G
using the Reid-Tai criterion. We assume that G = DN/Λ where N is a lattice of signature (2, 4)
and Λ ⊂ O+(N) is an arithmetic subgroup. If T[w]DN denotes the tangent space of DN at a
point [w] ∈ DN , W := C.w ⊂ N ⊗ C, and IsoΛ([w]) := {g ∈ Λ | g.[w] = [w]}, then there is a
canonical isomorphism
(5) T[w]DN ∼= Hom(W,W
⊥/W)
and the variety G is locally isomorphic to T[w]DN/ IsoΛ([w]) around the image of [w] (with
W⊥ ⊂ N ⊗ C) [GHS07b,Kon93].
Lemma 4.1. Let [w] ∈ DN represent a singular point w ∈ G and let H denote the image of the
representation
θ : IsoΛ([w])→ GL(4,C)
where H acts on T[w]DN as in (5). If C
4/H is a non-canonical singularity, then there exists
h ∈ H so that C4/〈h〉 is one of 13 (0, 0, 1, 1),
1
6(1, 1, 1, 1),
1
6(0, 1, 1, 2),
1
6(0, 0, 2, 3), or
1
6(0, 0, 3, 4).
Moreover, if h = θ(g) for some g ∈ Λ, then the values of χg(x) and α(g) are given by Table 1
where α is the character defined by the action of IsoΛ([w]) on W and ξr := e
2πi/r.
Proof. Let g ∈ IsoΛ([w]) be of order m, so that g
k is of prime power order pr. Suppose NQ
decomposes as
NQ ∼=
n⊕
i=1
Vpri
as a gk-module, where r1 ≤ . . . ≤ rn = r and Vi is the uniqueQ-irreducible faithful representation
of the cyclic group Ci. As degVpri = φ(p
ri) = pri−1 ≤ dimLQ = 6 then p
r ∈ {1, 2, 3, 4, 5, 7, 8, 9}
and m ≤ 5.7.8.9 = 2520. (In fact, m ∈ {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14, 15, 18, 20, 24, 30}.)
The rest of the statement follows by an exhaustive computer search, using the Reid-Tai
criterion [Rei80,Tai82] and the modified Reid-Tai criterion of Katharina Ludwig (Proposition
5.24 of [GHS13]) over all faithful 6-dimensional Q-representations of Cm for m ≤ 2520. 
ON THE KODAIRA DIMENSION OF THE MODULI OF DEFORMATION GENERALISED KUMMER VARIETIES7
singularity χg α(g) singularity χg α(g)
1
3(0, 0, 1, 1) φ
3
3 ξ3
1
3(0, 0, 1, 1) φ
3
3 ξ
2
3
1
3(0, 0, 1, 1) φ
3
6 ξ3
1
3(0, 0, 1, 1) φ
3
6 ξ
5
3
1
6(0, 0, 2, 2) φ3φ
2
6 ξ
2
6
1
6(0, 0, 2, 2) φ3φ
2
6 ξ
4
6
1
6(0, 0, 2, 2) φ3φ
2
6 ξ6
1
6(0, 0, 2, 2) φ3φ
2
6 ξ
5
6
1
6(0, 1, 1, 2) φ
2
2φ
2
3 ξ
2
6
1
6(0, 1, 1, 2) φ
2
2φ
2
3 ξ
4
6
1
6(1, 1, 1, 1) φ
4
2φ3 ξ
2
6
1
6(1, 1, 1, 1) φ
4
2φ3 ξ
4
6
1
6(0, 1, 1, 2) φ
2
1φ
2
6 ξ6
1
6(0, 1, 1, 2) φ
2
1φ
2
6 ξ
5
6
1
6(0, 0, 3, 4) φ
3
1φ2φ3 ξ
6
6
1
6(0, 0, 2, 3) φ
3
1φ2φ3 ξ
6
6
1
6(0, 0, 2, 3) φ
3
1φ2φ3 ξ
6
6
1
6(0, 0, 3, 4) φ
3
1φ2φ3 ξ
6
6
1
12(0, 2, 2, 4) φ4φ
2
6 ξ
2
12
1
12 (0, 2, 2, 4) φ4φ
2
6 ξ
10
12
1
12(2, 2, 2, 2) φ
2
4φ6 ξ
2
12
1
12 (2, 2, 2, 2) φ
2
4φ6 ξ
10
12
1
12(0, 2, 2, 4) φ3φ4φ6 ξ
4
12
1
12 (0, 2, 2, 4) φ3φ4φ6 ξ
8
12
1
12(0, 2, 2, 4) φ3φ4φ6 ξ
2
12
1
12 (0, 2, 2, 4) φ3φ4φ6 ξ
10
12
1
12(2, 2, 2, 2) φ3φ
2
4 ξ
4
12
1
12 (2, 2, 2, 2) φ3φ
2
4 ξ
8
12
1
12(0, 2, 2, 4) φ
2
3φ4 ξ
4
12
1
12 (0, 2, 2, 4) φ
2
3φ4 ξ
8
12
1
24(4, 4, 4, 4) φ6φ8 ξ
4
24
1
24 (4, 4, 4, 4) φ6φ8 ξ
20
24
1
24(4, 4, 4, 4) φ3φ8 ξ
8
24
1
24 (4, 4, 4, 4) φ3φ8 ξ
16
24
1
30(5, 5, 5, 5) φ5φ6 ξ
5
30
1
30 (5, 5, 5, 5) φ5φ6 ξ
25
30
1
30(5, 5, 5, 5) φ3φ10 ξ
10
30
1
30 (5, 5, 5, 5) φ3φ10 ξ
20
30
Table 1. Non-canonical cyclic quotient singularities in orthogonal modular 4-folds.
Lemma 4.2. Suppose d > 48 and let n = 2. If [w] ∈ DL represents a non-canonical singularity
of F2d(Γ), then [w] belongs to the fixed loci of g ∈ Γ such that χg is one of φ
3
3, φ
2
1φ
2
6, φ
3
1φ2φ3,
φ36.
Proof. As [w] is non-canonical, there exists g ∈ IsoΓ([w]) with characteristic polynomial as in
Lemma 4.1. We eliminate cases using Lemma 3.2. 
5. Non-canonical singularities in F2d(Γ)
In this section we determine the non-canonical part of the singular locus of F2d(Γ) using
lattice theoretic techniques. For an arbitrary lattice N , we define the invariant lattice T of
g ∈ O(N) as
T = {x ∈ L | gx = x}
and the perp-invariant lattice S of g as S = T⊥ ⊂ N . We say that N is p-elementary if
D(L) = Cap where a ≥ 0 and p is prime. We shall use M to denote the Beauville lattice. Where
no confusion is likely to arise, we shall use the notation 1m(a1, . . . , an) to denote the diagonal
matrix diag(ξa1m , . . . , ξ
an
m ) for ξm = e
2πi/m.
In this section, and from now on, we shall assume that the parameters n and d in L satisfy
n = 2 and d > 48, unless otherwise stated.
5.1. Elliptic elements of Γ and p-elementary lattices.
Lemma 5.1. Let g ∈ O(M,h) where h is non-isotropic and let g′ be the restriction of g to
the sublattice L = h⊥ ⊂ M . If S ⊂ M is the perp-invariant lattice of g and S′ ⊂ L is the
perp-invariant lattice of g′ then S = S′.
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Proof. By definition, if g ∈ O(M,h) then gh = h and so h ∈ T . Define the lattice T0 := h
⊥ ⊂ T
and the overlattices
(6) S ⊕ T0 ⊕ 〈h〉 ⊂M
and
(7) S ⊕ T0 ⊂ L.
The element g (respectively g′) preserves each summand in the overlattice (6) (respectively (7)).
Therefore, as a g′-module over Q,
(8) L⊗Q = VS ⊕ VT0
where VS and VT0 are the g
′-modules S ⊗Q and T0 ⊗Q, respectively. Similarly, as a g′-module
over Q,
(9) LQ = VS′ ⊕ VT ′
where VT ′ is the fixed space of g
′ on L⊗ Q and VS′ = S′ ⊗Q. The decomposition (8) respects
the quadratic form inherited from L and, by considering eigenspaces, the direct sum (9) is
orthogonal. As VT ′ = VT0 then (VT ′)
⊥ ∩ L = (VT0)⊥ ∩ L. By definition S′ = (VT0)⊥ ∩ L and
(VT0)
⊥ ∩ L = S as S is primitive in M and therefore in L. 
Lemma 5.2. (Lemma 4.3 / Remark 4.4 [BNWS13]) If g ∈ O(M) is of prime order p and
2 ≤ p ≤ 19 then
M
S ⊕ T
is a p-torsion module on which g acts trivially.
Proposition 5.3. If g ∈ O(M) is of prime order p where 3 ≤ p ≤ 19, then the the group D(S)
is p-elementary. If p = 2, then D(S) or D(T ) is 2-elementary.
Proof. The first part of the proof follows Lemma 5.5 of [BNWS13]. Let N be the g-module
N =
M
S ⊕ T
.
By Lemma 5.2, there exists a ≥ 0 so that N = Cap . By standard results on overlattices (Lemma
2.1, Chapter I.1 [BHPVdV04], for example)
(10) |M : S ⊕ T |2 = det(S) det(T ) det(M)−1
and so
(11) det(S) det(T ) = 6p2a.
Therefore, det(S) = 2δ3ǫpα and det(T ) = 21−δ31−ǫpβ where α+ β = 2a and ǫ, δ ∈ {0, 1}.
The inclusion of overlattices
S ⊕ T ⊂M ⊂M∨ ⊂ S∨ ⊕ T∨
defines an inclusion of finite abelian groups
(12) N ⊂ D(S)⊕D(T ),
and natural projections pS : N → D(S) and pT : N → D(T ). The lattices S and T are primitive
and so (as explained on p.111 of [Nik79]) the projections pS and pT are injective. Therefore,
a ≤ α, a ≤ β, and so α = β = a.
For the second part of the proof, we claim that all the elementary factors of D(S) and D(T )
are isomorphic to C2, C3, or Cp. The group D(S) contains pS(N) = C
a
p as a subgroup of index
2δ3ǫ. If p = 2 then, by the classification of finite abelian groups, D(S) = Cǫ3⊕C
a+δ
2 , or possibly
D(S) = Cǫ3⊕C4⊕C
a−1
2 if δ = 1. The latter case cannot occur. If it did, then D(T ) = C
1−ǫ
3 ⊕C
a
2 ,
but as T is primitive in M then, by Proposition 1.15.1 of [Nik79], D(S) ⊂ (D(T ) ⊕D(M))/G
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v1 v2
Figure 1. The Dynkin diagram of A2.
for some G ⊂ D(T ) ⊕D(M). However, as D(M) = C2 ⊕ C3 then the group D(S) can have no
element of order 4.
If p = 3 then, by an identical argument to the case p = 2, the group D(S) must be of the
form Cδ2 ⊕ C
a+ǫ
3 .
If p > 3, then pS(N) is a Hall subgroup of D(S) and so the Schur-Zassenhaus Theorem
(Theorem 7.41 [Rot12]), implies that D(S) = Cδ2 ⊕ C
ǫ
3 ⊕ C
a
p .
We can now prove the main result. Let x2, x3 ∈ S
∨ denote generators for the Cδ2 and C
ǫ
3
factors of D(S) (if they exist). By considering the characteristic polynomial of g on S ⊗Q, the
map σ := 1 + g + . . .+ gp−1 is identically zero on S.
If p = 2 then, by (11), det(T ) or det(S) is coprime to 3 and so, by the above claim, S or T is
2-elementary.
If p = 3 and δ 6= 0, the action of g on x2 is trivial because x2 is the only element of order 2
in D(S). On the other hand, σ(x2) = 3x2 = x2 = 0, and so no such x2 can exist.
Similarly, if p > 3 the action of g on x2 and x3 is trivial (as there are at most 2 elements of order
3 in D(S)), and therefore σ(x2) = px2 and σ(x3) = px3. On the other hand, as (2, p) = (3, p) = 1
and σ(x2) = σ(x3) = 0, we arrive at the contradiction x2 = x3 = 0. Therefore, D(S) = N and,
in particular, D(S) is p-elementary. 
Lemma 5.4. Let g ∈ O(L) be of finite order so that o(gk) = 3 for some k. If the characteristic
polynomial χg of g is equal to φ
2
1φ
2
6 or φ
3
1φ2φ3 then the perp-invariant lattice of g
k is equal to
U , 2U , U ⊕A2(−1), or A2(±1). There is no such g with χg equal to φ
3
3 or φ
3
6.
Proof. Let Tl, Sl ⊂ L denote the invariant and perp-invariant lattices of a power g
l. By Lemma
5.3 and Lemma 5.1, D(S2) is 3-elementary. The genera of 3-elementary lattices are classified
by Theorem 13 p.386 of [CS99]. When a ≤ 4, each genus of 3-elementary lattices contains at
most one class. In the indefinite case, this follows from [CS99] (Corollary 22 p.395); in the
definite case, this follows by using tables in [CS99] and [Nip91]. Because L is not 3-elementary,
a 3-elementary lattice possibly admitting a primitive embedding must be one of 2U , U ⊕ U(3),
2U(3), U ⊕ A2(−1), U(3) ⊕ A2(−1), U , U(3), A2(±1), or 2A2(−1). By Lemma 5.3, the case
χg = φ
3
3 or φ
3
6 cannot occur. If χg = φ
2
1φ
2
6, then S2 = S3, rankS2 = 4 and, by Lemma 5.3, S2
is 3-elementary, and S3 is either 2-elementary or T3 is 2-elementary. If S3 is 2-elementary, then
S3 = 2U . If S3 is not 2-elementary, then S3 is 3-elementary and so, in the notation of Proposition
5.3, δ = 0, a = 0, and ǫ ∈ {0, 1}. Therefore, S3 = 2U or U ⊕ A3(±1). If χg = φ
3
1φ2φ6 then
rankS2 = 2 and, by Lemma 5.3, S2 is 3-elementary. Therefore, S2 = U , U(3), or A2(±1). 
Lemma 5.5. Neither O(U) nor O(U(3)) contain an element of order 3.
Proof. O(U) = C2 ⊕ C2 and O(U) = O(U(3)). 
Lemma 5.6. There is no 6-torsion in the group O(A2(±1)).
Proof. Without loss of generality, suppose S = A2 and consider O(S). The group O(S) is
precisely the automorphism group Aut(A2) of the corresponding A2 root system. As is well
known (see, for example, [Hum12] p.65-66), the automorphism group Aut(Φ) of a root system
Φ is the semi-direct product W (Φ) ⋊∆(Φ) of the Weyl group W (Φ) by the group of diagram
automorphisms ∆(Φ) (Figure 1). If e1, e2 is a basis for A2 so that the Gram matrix is given by
A2 =
(
2 1
1 2
)
,
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then the Weyl group W (A2) is generated by the reflections σe1 , σe2 , and ∆(A2) is generated by
the single reflection σe1+e2 . Therefore, by direct calculation, the group Aut(A2) is isomorphic
to the symmetric group S3, and so contains no 6-torsion. 
Definition/Lemma 5.7. Fix a standard basis of 2U . Then there is an isomorphism
δ : (SL(2,Z)× SL(2,Z))/{±(I2, I2)} → SO
+(2U)
defined by
δ(A, I) 7→

a 0 0 b
0 d −c 0
0 −b a 0
c 0 0 d

and
δ(I,A) 7→

d 0 −c 0
0 a 0 b
−b 0 a 0
0 c 0 d

where
A =
(
a b
c d
)
∈ SL(2,Z),
and I2 is the identity of SL(2,Z). Each primitive embedding 2U ⊂ L defines an embedding
∆ : SO+(2U)→ Γ where ∆ is the extension of δ to O(L) acting as the identity on (2U)⊥ ⊂ L.
Proof. By Theorem 4 of [Jam91], there is a short exact sequence
(13) 0→ {±(I2, I2)} → SL(2,Z) × SL(2,Z)→ SO
+(2U)→ 0
arising because of the exceptional isomorphism between Spin(2, 2) and SL(2,R)×SL(2,R). The
surjection in (13) can be realised by identifying U ⊕ U with M2(Z) by the map
U ⊕ U ∋ (w, x, y, z) 7→
(
w y
z −x
)
∈M2(Z),
and defining the quadratic form on M2(Z) by det. The action of (A,B) ∈ SL(2,Z) × SL(2,Z)
on U ⊕ U is given by
(A,B) :
(
w y
z −x
)
7→ A
(
w −y
z x
)
B−1.
By Lemma 7.1 of [GHS13], the extension ∆ is well defined as S˜O(2U) = SO(2U). 
Lemma 5.8. If g ∈ O+(2U) is of order 3 and χg(x) = φ
2
3 then, up to O
+(2U)-conjugacy, g is
represented by one of δ(I, g3)
±1, δ(g3, I)±1, δ(g3, g3)±1, or δ(g−13 , g3)
±1 where
δ(g3, I) =

0 0 0 1
0 −1 1 0
0 −1 0 0
−1 0 0 −1
 and δ(I, g3) =

−1 0 1 0
0 0 0 1
−1 0 0 0
0 −1 0 −1
.
Proof. If g ∈ O+(2U) is of order 3, then g ∈ SO+(2U). The conjugacy classes of 3-torsion in
SL(2,Z) are represented by g±13 where
g3 =
(
0 1
−1 −1
)
[Ser12]. By Definition/Lemma 5.7,
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δ(g3, I) =

0 0 0 1
0 −1 1 0
0 −1 0 0
−1 0 0 −1
, δ(I, g3) =

−1 0 1 0
0 0 0 1
−1 0 0 0
0 −1 0 −1
,
δ(g3, g3) =

0 −1 0 −1
−1 0 0 −1
0 0 0 −1
1 1 −1 1
, δ(g−13 , g3) =

1 1 −1 1
1 0 0 0
1 0 0 1
−1 0 1 0
.
Both δ(g3, I)
±1 and δ(I, g3)±1 have characteristic polynomial φ23, and both δ(g3, g3)
±1 and
δ(g−13 , g3)
±1 have characteristic polynomial φ3φ21. 
Lemma 5.9. There is no element g ∈ O(L) of order 3 and perp-invariant lattice S = U⊕A2(−1)
occurring in the isotropy subgroup of a non-canonical singularity in F2d(Γ).
Proof. Suppose [w] ∈ DL represents a non-canonical singularity in F2d whose isotropy subgroup
contains g as in the statement of the lemma. By Lemma 4.1, w is a ξ±1-eigenvector of g where
ξ = e2πi/3. Consider the action of g on S ⊗ Q(β) ⊂ L ⊗ Q(β) where β = i
√
3
2 . There is a basis
e1, . . . , e4 of S ⊗Q on which the action of g is given by(
0 −1
1 −1
)
⊕
(
0 −1
1 −1
)
.
The ξ-eigenspace Vξ is spanned by v1, v2 and the ξ-eigenspace Vξ is spanned by v3, v4 where
v1 = e1 − αe2 − βe2, v2 = e3 − αe4 − βe4, v3 = e1 − αe2 + βe2, and v4 = e3 − αe4 + βe4. After
a routine calculation, starting with the observation that both eigenspaces Vξ and Vξ are totally
isotropic, one concludes that the subspaces of S ⊗ Q spanned by e1, e2 and e3, e4 are totally
isotropic. However, as S is of signature (1, 3), no such subspaces can exist. 
5.2. Locus of non-canonical singularities in F2d(Γ). As explained in [Bor96,GN98,Fre03,
GHS13], and following [GHS13], the domain DL can be realised as a tube domain. For primitive
isotropic c ∈ L (corresponding to a choice of cusp), DL is isomorphic to the affine quadric
DL,c = {z ∈ D
•
L | (Z, c) = 1},
where D•L is the affine cone of DL. For b ∈ L
∨ satisfying (c, b) = 1, let Lc denote the hyperbolic
lattice
Lc = L ∩ c
⊥ ∩ b⊥
(noting that the isomorphism class of Lc is independent of b) and select a connected spinor
component C+(Lc) of the cone
C(Lc) = {x ∈ Lc ⊗ R | (x, x) > 0}.
If Sc denotes the tube domain
Sc = Lc ⊗ R+ iC
+(Lc),
where z ∈ Sc ⊂ Lc ⊗C, then there is an isomorphism Sc → Dc defined by
z 7→ z ⊕
(
b−
(z, z) + (b, b)
2
c
)
∈ Lc ⊗ C⊕ (Cb+ Cc) = L⊗ C.
Lemma 5.10. Suppose [w] ∈ DL represents a non-canonical singularity of F2d(Γ). If IsoΓ([w])
does not contain an element of the form ±σ where σ is a reflection, then IsoΓ([w]) contains an
element of the form ∆(I, g3) or ∆(g3, I) for some primitive embedding 2U ⊂ L.
Proof. By Lemma 4.2 and Lemma 5.4, there exists g ∈ IsoΓ(w) so that χg(x) = φ
2
1φ
2
6 or φ
3
1φ2φ3.
By assumption, χg(x) = φ
2
1φ
2
6 and so, by Lemma 5.4, the perp-invariant lattice S of g in L is
given by 2U . As g acts trivially on T := S⊥ ⊂ L then, by Lemma 5.8, g2 is the extension of
δ(I, g3)
±1 or δ(g3, I)±1 ∈ O+(2U) for some primitive embedding 2U ⊂ L. 
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Lemma 5.11. There is an embedding (defined in the proof) of H+ × H+ → DL so that if
(τ1, τ2) 7→ (0, 0, τ1, τ2) ∈ Sc and
A =
(
a b
c d
)
∈ SL(2,Z),
then
∆(I,A)(0, 0, τ1, τ2) = (0, 0, A.τ1, τ2)
and
∆(A, I)(0, 0, τ1, τ2) = (0, 0, τ1, A.τ2)
where
A =
(
d −c
−b a
)
and the action of SL(2,Z) on H+ is the standard fractional linear action.
Proof. Fix a primitive embedding S := 2U ⊂ L and let T = S⊥ ⊂ L. If e1, f1, and e2, f2 are
standard bases for U and v1, v2 is a Q-basis for T , let B = {e1, f1, e2, f2, v1, v2} be a Q-basis
for L.
If A ∈ SL(2,Z) is as in the statement of the lemma, then
∆(I,A) = I2 ⊕

d 0 −c 0
0 a 0 b
−b 0 a 0
0 c 0 d

acts on [x] ∈ P(L⊗ C) by
[x] = [x1 : . . . : x5 : x6] 7→ [x1 : x2 : dx3 − cx5 : ax4 + bx6 : −bx3 + ax5 : cx4 + dx6].
As x6 = −x3x4 and setting x5 = 1, then ∆(I,A) acts by
(14) ∆(I,A) : (x1, x2, x3, x4) 7→
(
x1
−bx3 + a
,
x2
−bx3 + a
,
dx3 − c
−bx3 + a
, x4
)
on the tube domain model of DL. Similarly,
∆(A, I) = I2 ⊕

a 0 0 b
0 d −c 0
0 −b a 0
c 0 0 d

acts by
∆(A, I) : [x1 : x2 : x3 : x4 : x5 : x6] 7→ [x1 : x2 : ax3 + bx6 : dx4 − cx5 : −bx4 + ax5 : cx3 + dx6]
on P(L⊗ C), and by
(15) ∆(A, I) : (x1, x2, x3, x4) 7→
(
x1
−bx4 + a
,
x2
−bx4 + a
, x3,
dx4 − c
−bx4 + a
)
on the tube domain model of DL. The result follows by setting x1 = x2 = 0. The action is
well defined as (0, 0, τ1, τ2) ∈ Sc if and only if (Im τ1)(Im τ2) > 0, but as we selected a spinor
component C(Lc)
+ then both τ1, τ2 ∈ H
+. 
Lemma 5.12. If g = ∆(g3, I) or ∆(I, g3) ∈ Γ, then FixDL(g) ∼= H
+.
Proof. Fix a spinor component of C(Lc) and consider the embedding defined in Lemma 5.11.
By (15),
∆(g3, I) : (x1, x2, x3, x4) 7→
(
−x1
−x4
,
−x2
−x4
, x3,
−x4 + 1
−x4
)
.
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An element (0, 0, x3, ξ) ∈ Lc ⊗ C belongs to Sc if and only if (Im ξ)(Imx3) > 0. Therefore
x1 = x2 = 0, x4 = −ξ
2
3 , and x3 ∈ H
+ at a fixed point. Similarly, by (14),
∆(I, g3) : (x1, x2, x3, x4) 7→
(
x1
−x3
,
x2
−x3
,
−x3 + 1
−x3
, x4
)
and so x1 = x2 = 0, x3 = −ξ
2
3 , and x4 ∈ H
+ at a fixed point. 
Lemma 5.13. LetM⊂ DL be a (geodesic) submanifold of DL whose isotropy subgroup Iso(M) =
{g ∈ Γ | gm = m, ∀m ∈M} has precisely M as its fixed variety in DL. Then the invariance
group Inv(M) = {y ∈ Γ | y.M =M} is equal to the normaliser NΓ(Iso(M)).
Proof. (Essentially identical to Proposition 3.8 of [Bra95].) Let g ∈ Iso(M) and let z ∈ M. If
h ∈ Inv(M) then h−1gh.z = h−1h.z = z and so h ∈ NΓ(Iso(M)).
Conversely, if h ∈ NΓ(Iso(M)), then h
−1gh.z = z and so h.M is fixed by Iso(M). Therefore,
by assumption, h ∈ Inv(M). 
Lemma 5.14. Let 2U ⊂ L be a primitive embedding of lattices and let F1 = FixDL(∆(g3, I))
and F1 = FixDL(∆(I, g3)). If T = (2U)
⊥ ⊂ L, then{
Iso(F1) = 〈∆(g6, I)〉 ×GT
Iso(F2) = 〈∆(I, g6)〉 ×GT
where g6 ∈ SL(2,Z) satisfies g
2
6 = g3 and GT is a subgroup of O(T ).
Proof. Take a basis B = {v1, . . . , v6} of LQ so that {v1, v2} is a basis of T and {v3, . . . , v6} is a
basis of 2U , and let B define homogeneous coordinates for P(L⊗ C).
If [x] ∈ F1 then, by using the tube domain model for DL in the proof of Lemma 5.11, [x] is
of the form [x] = [0 : 0 : x3 : ξ6 : 1 : −x3ξ6]. Suppose that (on the basis B) g ∈ Iso(F1) ⊂ Γ is
given by
g =
(
A B
C D
)
where B =: (bij) ∈M2(Z).
By assumption, bi1x3 + bi2ξ6 + bi3 − bi4x3ξ6 = 0 for i = 1, 2 and all x3 ∈ H
+. Therefore,
bi2ξ6+ bi3 = −x3(bi1− ξ6bi4), and so bi1− bi4ξ6 = 0. As bij ∈ Z then bi1 = bi4 = 0, and similarly
bi2 = bi3 = 0. As B = 0, then g(2U) = 2U , g(T ) = T , and so g ∈ O(T )×O(2U).
The lattice T is negative definite and therefore A has spinor norm 1. As g ∈ Γ, then D also
has spinor norm 1. By Lemma 3.3, D ∈ SO+(2U) and so by Lemma 5.11 and the classification
of isotropy subgroups of SL(2,Z) (for example [Ser12]), D ∈ 〈∆(g6, I)〉. One argues identically
for F2. 
Lemma 5.15. Let 2U ⊂ L be a primitive embedding and let T = (2U)⊥ ⊂ L. As in Lemma
5.14, suppose that G = 〈∆(g6, I)〉 ×GT (or G = 〈∆(I, g6)〉 ×GT ) for some GT ⊂ O(T ). Then
NΓ(G) = 〈∆(g6, I),∆(I,SL(2,Z)〉 × PSL(2,Z) (or 〈∆(I, g6),∆(SL(2,Z))〉 ×GT , respectively).
Proof. If g ∈ Γ is of finite order, then h ∈ NΓ(〈g〉) if and only if gh = hg
a for some power a.
Suppose g = ∆(g6, I). If v ∈ T and h ∈ NΓ(〈g〉) then gh(v) = hg
a(v) and so gh(v) = h(v). As
χδ(g6,I) = φ
2
6 then h(T ) = T , and as T ⊥ 2U then h(2U) = 2U . Therefore, in the notation of
Lemma 5.14,
h =
(
A 0
0 D
)
.
By Lemma 3.3, D ∈ SO+(2U). In particular, D ∈ ∆(〈g6〉,SL(2,Z))= NSO+(2U)(g). As GT =
O(T ) ∩ Γ then h ∈ 〈g,∆(I,SL(2,Z))〉 × GT . Conversely, 〈g,∆(I,SL(2,Z))〉 × GT ⊂ NΓ(〈g〉).
Therefore, NΓ(〈g〉) = 〈g,∆(I,SL(2,Z))〉 ×GT . As NΓ(〈g〉) ⊂ NΓ(G), the result follows. 
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C1
C2
P Q
R
Figure 2. The intersection of C1 and C2.
Proposition 5.16. The connected components of the locus of non-canonical singularities of
F2d(Γ) lying away from the branch divisor are in 1-1 correspondence with a subset of Γ-equivalence
classes of primitive embeddings of 2U ⊂ L. Each embedding 2U ⊂ L defines a pair of curves
C1 and C2 intersecting as in Figure 2. If A =
1
4(0, 2, 1, 1), B =
1
6(0, 4, 5, 5), C =
1
4(2, 0, 3, 3),
D = 16(4, 0, 5, 5), and the curves C1 and C2 lie outside the branch divisor, then the singularity
at the generic point of C1 and C2 is isomorphic to C
4/〈B〉 and C4/〈D〉, respectively; the sin-
gularity at P is isomorphic to C4/〈B,C〉; the singularity at Q is isomorphic to C4/〈B,D〉; the
singularity at R is isomorphic to C4/〈A,D〉.
Proof. By Corollary 2.13 of [GHS07b], any point in the branch divisor of DL → F2d(Γ) has an
isotropy group containing an element with characteristic polynomial φ51φ2 or φ1φ
5
2 (corresponding
to elements in Γ acting as quasi-reflections). Therefore, by Lemma 5.10, the isotropy subgroup
of any point w ∈ DL not contained in the branch divisor must contain ∆(g3, I) or ∆(I, g3). Let
W = ∆(g4, I), X = ∆(g6, I), Y = ∆(I, g4) and Z = ∆(I, g6) and let C1 and C2 be the images
of Fix(X), Fix(Z), respectively. By Definition/Lemma 5.7,
W =

0 0 0 −1
0 0 −1 0
0 1 0 0
1 0 0 0
⊕ I2, X =

0 0 0 −1
0 1 1 0
0 −1 0 0
−1 0 0 1
⊕ I2,
Y =

0 0 −1 0
0 0 0 −1
1 0 0 1
0 1 0 0
⊕ I2, Z =

1 0 −1 0
0 0 0 −1
1 0 0 0
0 1 0 1
⊕ I2.
By Lemma 5.15, if x ∈ Fix(X) then, IsoΓ(x) is a finite subgroup of 〈∆(g6, I),∆(I,SL(2,Z))〉 ×
GT , and if x ∈ Fix(Z) then, IsoΓ(x) is a finite subgroup of 〈∆(I, g6),∆(SL(2,Z), I)〉×GT where
the group GT := O(T ) ∩ Γ. The lattice T is negative definite of rank 2. By the classification of
2-dimensional space groups, O(T ) ⊂ D2n where n = 1, 2, 3, 4, 6. The characteristic polynomial
of (g, h) ∈ (∆(SL(2,Z)× SL(2,Z))) ×GT is equal to χg′χh′ where g
′ and h′ are the restrictions
of g and h to 2U and T , respectively. If h ∈ D2n is neither a reflection nor the identity, then
χh′ ∈ {φ3, φ4, φ6}. By Definition/Lemma 5.7, χg′ = φ
2
6 and so (χgh(1), 6) = 1. Therefore, by
Lemma 3.2, gh /∈ Γ and so GT is trivial or generated by a quasi-reflection.
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At a generic point x ∈ C1, the group IsoΓ(x) = 〈X〉 × GT . There is precisely one point
P ∈ C1 fixed by IsoΓ(P ) = 〈X,Y 〉×GT and precisely one point Q = C1∩C2 fixed by IsoΓ(P ) =
〈X,Z〉 ×GT .
Similarly, at a generic point x ∈ C2, the group IsoΓ(x) = 〈Z〉×GT , and there is precisely one
point R ∈ C2 fixed by IsoΓ(R) = 〈Z,W 〉 ×GT .
By Lemma 4.1, if w ∈ Fix(X) ∪ Fix(Z) then w is a ξ±16 -eigenvector of ∆(g6, I) or ∆(I, g6).
For every pair P ∈ {(X,Y ), (X,Z), (W,Z)}, there is a basis v1, . . . , v6 for L ⊗ C on which the
pair P is simultaneously diagonalised and W = 14 (3, 3, 1, 1, 0, 0), X =
1
6(1, 1, 5, 5, 0, 0), Y =
1
4(1, 3, 1, 3, 0, 0) and Z =
1
6(1, 5, 1, 5, 0, 0). By (5), the action of X, Y , Z on T[w] is determined
by choosing va, vb where [va] = [w] and (va, vb) 6= 0.
If IsoΓ([w]) = 〈X,Y 〉, then the action of 〈X,Y 〉 on T[w] is given by{
〈16 (0, 4, 5, 5),
1
4(2, 2, 3, 3)〉 if (a, b) = (1, 3) or (2, 4)
〈16 (0, 4, 5, 5),
1
4(2, 0, 3, 3)〉 if (a, b) = (1, 4) or (2, 3).
As Y is orthogonal, then (va, vb) = (Y va, Y vb) = −(va, vb) and so (va, vb) = 0. However, by
assumption, (va, vb) 6= 0 and so the cases (a, b) = (1, 3) or (2, 3) cannot exist.
If IsoΓ([w]) = 〈X,Z〉, then the action of 〈X,Z〉 on T[w] is given by{
〈16 (0, 4, 5, 5),
1
6(4, 4, 5, 5)〉 if (a, b) = (1, 3) or (2, 4)
〈16 (0, 4, 5, 5),
1
6(4, 0, 5, 5)〉 if (a, b) = (1, 4) or (2, 3),
but the case (a, b) = (1, 4) or (2, 3) cannot exist by an orthogonality argument for Z.
Similarly, if IsoΓ([w]) = 〈W,Z〉, then the action of 〈W,Z〉 on T[w] is given by{
〈14 (0, 2, 1, 1),
1
6(4, 4, 5, 5)〉 if (a, b) = (1, 3) or (2, 4)
〈14 (0, 2, 1, 1),
1
6(4, 0, 5, 5)〉 if (a, b) = (1, 4) or (2, 3),
but the cases (a, b) = (1, 2) and (2, 1) cannot exist by an orthogonality argument for Z. 
6. Resolution of Singularities
In this section, we define a smooth projective model for F2d(Γ) and estimate the corresponding
elliptic obstructions using toric methods. Throughout, we shall denote the toric variety defined
by a fan (or a single cone) Σ by X(Σ), and the orbit closure in X(Σ) defined by rays v1, . . . , vm ∈
Σ by V (v1, . . . , vm) [Ful93,Oda88].
Let Γ′ ⊂ Γ be a neat normal subgroup and let F ′2d := DL/Γ
′. The quotient F ′2d is smooth and
admits a projective toroidal compactification [AMRT10, FC90] F ′2d, which we fix. The group
G := Γ/Γ′ acts naturally on F ′2d and we let F2d := F
′
2d/G. dBy Proposition 5.16, the non-
canonical singularities of F2d ⊂ F2d lie along pairs of modular curves {C1,i, C2,i}i∈I where C1,i,
C2,i intersect at a point Qi and Cp,i ∩Cq,j = ∅ whenever i 6= j. We omit the second subscript i
when describing members of an intersecting pair.
Let C•i = Ci − {P,Q,R}, i ∈ {1, 2} where the points P and R are as in Proposition 5.16.
By applying a theorem of Cartan [Car57], F2d is locally isomorphic to C
•
1 ×
1
6(4, 5, 5) in a
neighbourhood of C•1 . By Corollary 1.16 of [Oda88], the singularity
1
6(4, 5, 5) is the toric variety
X(σ) where σ is a fan consisting of a single cone with rays v0 := (3,−1, 0), v1 := (0, 2,−1), v2 :=
(0, 0, 1) taken in an ambient lattice Z3. There is a resolution of singularities ψ : X(Σ) → X(σ)
obtained by the equivariant blowing-up of the orbit closures V (v1) and V (v2) in X(σ). aThe
maximal cones of Σ are given by {v0, v1, v4}, {v0, v2, v4}, {v1, v3, v4}, and {v2, v3, v4} where the
rays v3 and v4 are given by v3 := (0, 1, 0) and v4 := (1, 0, 0) in Z
3.
Let φ1 : F˘1 → F2d be the blow-up of C
•
1,i × V1, φ2 : F˘2 → F˘1 be the blow-up of φ
−1
1 (C
•
1,i × V2),
φ3 : F˘3 → F˘2 be the blow-up of φ
−1
2 ◦ φ
−1
1 (C
•
2,i × V1), and φ4 : F˘4 → F˘3 be the blow-up of
φ−13 ◦ φ
−1
2 ◦ φ
−1
1 (C
•
2,i × V2). Let φ˘ : F˘ → F2d be the partial resolution φ4 ◦ . . . ◦ φ1 and let
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φ˜ : F˜2d → F˘ resolve F˘ over each of the points Pi, Qi, Ri. For reasons we shall discuss later, we
will assume there are no singularities in the boundary of F2d.
Lemma 6.1. The singularities of F˘ lying above P and R are canonical.
Proof. Let H = 〈g4, g6〉 where g4 =
1
4(2, 0, 1, 1) and g6 =
1
6(0, 4, 5, 5) are taken to represent
elements of GL(4,C). In local coordinates around P , the quotient F2d is isomorphic to C
4/H
where the first coordinate of the covering space C4 is a local chart for C1. The resolution F˘ was
constructed by blowing-up the transverse singularity 16(4, 5, 5) along C1, and is g4-equivariant.
We denote the maximal cones of the resolution by σ1, σ2, σ3, σ4, where the rays of each cone
are given by
σ1 = {(1, 0, 0, 0), (0, 3,−1, 0), (0, 0, 2,−1), (0, 1, 0, 0)}
σ2 = {(1, 0, 0, 0), (0, 3,−1, 0), (0, 0, 0, 1), (0, 1, 0, 0)}
σ3 = {(1, 0, 0, 0), (0, 0, 2,−1), (0, 0, 1, 0), (0, 1, 0, 0)}
σ4 = {(1, 0, 0, 0), (0, 0, 0, 1), (0, 0, 1, 0), (0, 1, 0, 0)},
taken in the ambient lattice Z4.
If (u0, u1, u2, u3) are coordinates for the canonical torus T in the cover C
4 of C4/H, then there
are canonical maps ρi to dense open tori Ti in each X(σi) given by ρ1 = (u0, u
3
1u
−1
2 , u
2
2u
−1
3 , u1),
ρ2 = (u0, u
3
1u
−1
2 , u3, u2), ρ3 = (u0, u
2
2u
−1
3 , u2, u1), ρ4 = (u0, u3, u2, u1), Therefore, when g acts
on T, the respective action of g4 on each Ti are given by
1
4(2, 3, 1, 0),
1
4(2, 3, 1, 1),
1
4(2, 1, 1, 0),
and 14 (2, 1, 1, 0). Therefore, by the Reid-Tai criterion, the singularities of F˘ lying above P are
canonical. The case for R is identical. 
Proposition 6.2. For k sufficiently divisible, if F ∈ H0(F
′
2d, kKF ′2d)
G, then φ∗F ∈ H0(F˜2d, kKF˜2d)
provided F lies outside a subspace of dimension O(k2).
Proof. Let ψ1 := φ2 ◦ φ1, ψ2 := φ4 ◦ φ3, and suppose
(16) ψ∗1(kKF2d) = kKF˘2 +
∑
ai,1Di,1
and
(17) ψ∗2(kKF˘2) = kKF˘4 +
∑
ai,2Di,2,
where Di,j are the exceptional divisors of the blow-ups. For a Weil divisor D, let LF˘i(k, a,D)
denote (kKF˘i + aD)|D for k, a ∈ Z, i = 2, 4. By twisting H
0(F˘2, kKF˘2 +
∑
j aj,1Dj,1) by
0→ O(−Di,1)→ O → O|Di,1 → 0
we obtain
0→ H0(F˘2, kKF˘2 + (a1,i − 1)Di,1 +
∑
j 6=i
aj,1Dj,1)→ H
0(F˘2, kKF˘2 +
∑
i
ai,1Di,1)
→ H0(Di,1,LF˘2(k, ai,1,Di,1))→ . . . .
Therefore, the codimension of H0(F˘2, kKF˘2) ⊂ H
0(F˘2, kKF˘2 +
∑
ai,1Di,1) is at most
(18)
∑
j
aj∑
i=1
h0(Dj,1,LF˘2(k, i,Dj,1)).
Similarly, the codimension of H0(F˘4, kKF˘4) ⊂ H
0(F˘4, kKF˘4 +
∑
ai,2Di,2) is at most
(19)
∑
j
aj∑
i=1
h0(Dj,2,LF˘4(k, i,Dj,2)).
The curve C1 is the principal modular curve H
+/SL(2,Z), which is isomorphic to the affine line
under the j-invariant [Lan12]. The singularity along C1 is resolved by the toric variety X(Σ),
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defined previously, where Σ is a fan in a lattice N . Let N := 〈v0, v1, v2〉Z be an overlattice of
N . The N/N -equivariant 6-canonical differential form ω := χ−6(v
∗
0+v
∗
1+v
∗
2) on C3 descends to a
6-canonical differential on 16 (4, 5, 5). If Di is the torus invariant divisor of X(Σ) corresponding
to the ray vi, then the order of vanishing of ψ
∗(ω) along Di is equal to −(v∗0 + v
∗
1 + v
∗
2)(vi)
(p.61 [Ful93]), and so
ψ∗6KX(σ) = 6KX(Σ) + 6.
1
3
D4.
Therefore, each divisor Dj,1 in (16) lying above Cj,i is isomorphic to P
1×V where V is the orbit
closure V (v5) ⊂ X(Σ). Therefore, Dj,i can be exhibited as the toric variety X(Λ) where Λ is
the fan with rays u0 = (−1, 0, 0), u1 = (1, 0, 0), u2 = (0,−1, 0), u3 = (0, 2,−1), u4 = (0, 0, 1),
u5 = (0, 1, 0) and maximal cones {v0, v2, v3}, {v0, v2, v4}, {v0, v3, v5}, {v0, v4, v5}, {v1, v2, v3},
{v1, v2, v4}, {v1, v3, v5}, and {v1, v4, v5}. TheQ-divisor LF˘2(1, a,Di,1) = (KP×X(Σ)+aX(Λ))|X(Λ)
and as
(KP×X(Σ) + aX(Λ))|X(Λ) ∼ (KP×X(Σ) + aX(Λ) + [div(χ(1−a/3)v
∗
5 )])|X(Λ)
then, by moving the support,
KP×X(Σ)+aX(Λ)+ [div(χ(1−a/3)v
∗
5 )] = −V (v0)−V (v1)−V (v3)−V (v4)−V (v5)− (a− 2)V (v2).
Therefore,
(KP×X(Σ) + aX(Λ) + [div(χ(1−a/3)v
∗
5 )])|X(Λ) =− V (v0, v6)− V (v1, v6)− V (v3, v6)(20)
− V (v4, v6)− V (v5, v6) + (2− a)V (v2, v6),
(by using §5 of [Ful93]). For a = 0, 1, 2, the associated polyhedron of (20) in P ×X(Λ) (which
can be calculated using Macaulay2, for example) is trivial, and so h0(Di,1,LF˘2(k, i,Di,1)) = 0.
The case of Di,2 is identical. Therefore, the only obstructions to extending φ
∗(F ) come from
divisors Ei lying above the points Qi. The obstructions imposed by Ei, independent of Di,1,
Di,2, are bounded by k spaces of sections on a 2-dimensional variety and so grow like O(k
3),
from which the result follows. 
7. The Branch Divisor of F2d(Γ)
In this section we determine the components of the branch divisor of F2d(Γ). We will not
necessarily assume that n = 2. By Corollary 2.13 of [GHS07b], the branch divisor is precisely
the image of the rational quadratic divisors FixDL(±σz) for ±σz ∈ Γ where σz is the reflection
defined by
(21) σz : u 7→ u−
2(u, z)
(z, z)
z
for u ∈ L and primitive z ∈ L.
Lemma 7.1. Let r, s ∈ N and let (k, l) ∈ Z/(2r)Z ⊕ Z/(2s)Z where s > 1. If m is the order of
(k, l) ∈ Z/(2r)Z ⊕ Z/(2s)Z, ml is the order of l in Z/(2s)Z, and u = m or 2m, then the pair
(k, l) satisfies congruences (22) - (24)
ur | mk(22)
2rsu | m2kl(23)
2s | m2l2u−1s−1 − 2(24)
if and only if
(1) k ≡ 0 mod 2r
(a) u = m and l2 ≡ 1 mod s if l is odd, or l2 ≡ 2 mod 2s if l is even. Furthermore,
m = 2s when l is odd, and m = s when l is even.
(b) u = 2m and l = 2l1 satisfies 2l
2
1 ≡ 2 mod 2s. Furthermore, m = s.
(2) k ≡ r mod 2r
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(a) u = m and 2l2 ≡ 2 mod 2s where ml is even and l is odd. Moreover, m = 2s.
(b) u = m and l2 ≡ 1 mod s if ml is odd and l is even. Moreover, ml = s.
Proof. u=m.
If u = m, then (22) - (24) are equivalent to
r | k(25)
2rs | mkl(26)
2s | ml2s−1 − 2(27)
By (25), k ≡ 0 or r mod 2r.
(1) If k ≡ 0 mod 2r, then (26) is equivalent to s | ml. By (25), we can assume that
l 6≡ 0 mod 2s. The order mk = 1, and so m = lcm(mk,ml) = ml and ml = mll =
lcm(2s, l) = 2sl gcd(2s, l)−1. Therefore, (26) is satisfied if and only if gcd(2s, l) | 2l, which
is always so. As m = ml, (27) is equivalent to s
−1ml2 ≡ 2l2 gcd(2s, l)−1 ≡ 2 mod 2s,
and so l(l gcd(2s, l)−1) ≡ 1 mod s. Therefore, gcd(s, l) = 1 and (27) is equivalent to
l2 ≡ 1 mod s if l is odd, and l2 ≡ 2 mod 2s if l is even.
(2) If k ≡ r mod 2r, (26) is equivalent to 2s | ml. If ml is odd, m = lcm(2,ml) = 2ml and
(26) is equivalent to s | mll; if ml is even, m = ml and (26) is equivalent to 2s | mll. As
mll = lcm(l, 2s), then (26) is satisfied in both cases. If ml is odd, (27) is equivalent to
s−1ml2 = 2mll2s−1 = 4l2 gcd(2s, l)−1 ≡ 2 mod 2s. Therefore, 2l2 gcd(2s, l)−1 ≡ 1 mod s
and so gcd(s, l) = 1. If ml is even, (27) is equivalent to mll
2s−1 = 2l2 gcd(2s, l)−1 ≡
2 mod 2s. Therefore, l2 gcd(2s, l)−1 ≡ 1 mod s and so gcd(s, l) = 1. Therefore, as ml
and l cannot both be odd, (27) is equivalent to l2 ≡ 1 mod s when ml is odd; and when
ml is even, (27) is given by l
2 ≡ 2 mod 2s if l is even, and by l2 ≡ 1 mod s if l is odd.
The case ml even and l even cannot occur: if it did, then s must be even and l
2 ≡
2 mod 2s, and one concludes the absurdity 0 ≡ 2 mod 4.
u=2m.
If u = 2m, then (22) - (24) are equivalent to
2r | k(28)
4rs | mkl(29)
2s | (2s)−1ml2 − 2.(30)
By (30), we can assume l 6≡ 0 mod 2s. By (28), k ≡ 0 mod 2r, and therefore m = ml. Congru-
ence (29) is equivalent to 2s | ml and is always satisfied because ml = lcm(2s, l). Congruence
(30) is equivalent to (2s)−1ml2 = l2 gcd(2s, l)−1 ≡ 2 mod 2s. When l = 2l1, gcd(2s, l) = 2 and
(30) becomes 2l21 ≡ 2 mod 2s. When l is odd, gcd(2s, l) = 1 and so (30) admits no solution. 
Corollary 7.1. Let z ∈ L be primitive with div(z) = e and where z∗ = xv∗ + yw∗ + L. If
σ ∈ O+(L) then σ ∈ Γ if and only if e, x, y, z2 satisfy the conditions of Lemma 7.1 with r = d,
s = n + 1, u = z2, m = e and where z2 = −e or −2e. If −σ ∈ O+(L) then −σ ∈ Γ if and only
if e, x, y, z2 satisfy the conditions of Lemma 7.1 with r = n+1, s = d, u = z2, m = e and where
z2 = −e or −2e.
Proof. Let z ∈ L. By (21), ±σz ∈ O
+(L) if and only if z2 < 0 and z2 | 2e. If z = e(xv∗+yw∗+ l)
for l ∈ L, then the images σz(v
∗) and σz(w∗) are given by
(31) σz(v
∗) = v∗ −
2(v∗, exv∗ + eyw∗ + el)
z2
z
(32) σz(w
∗) = w∗ −
2(w∗, exv∗ + eyw∗ + el)
z2
z.
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As z2 | 2e, then z2 | 2e(v∗, l). Therefore
σz(v
∗) = v∗ + (exd−1z−2 − 2e(v∗, l)z−2)z + L(33)
= v∗ + exd−1z−2(exv∗ + eyw∗ + el) + L(34)
= (1 + e2x2d−1z−2)v∗ + e2xyd−1z−2w∗ + L.(35)
Equation (34) follows from (33) by noting that z2 | 2e(v∗, l). Equation (35) follows from (34) by
noting that e2xd−1z−2 = (ex2−1d−1)(2ez−2), and that 2d | ex and z2 | 2e.
Similarly, σz(w
∗) is given by
σz(w
∗) = w∗ + (ey(n + 1)−1z−2 − 2e(w∗, l)z−2)z + L(36)
= w∗ + (ey(n + 1)−1z−2)(exv∗ + eyw∗ + el) + L(37)
= e2xy(n+ 1)−1z−2v∗ + (1 + e2y2(n+ 1)−1z−2)w∗ + L.(38)
Equation (37) follows from (36) by noting that z2 | 2e(w∗, l). Equation (38) follows from (37)
by noting that (n+ 1)z2 | e2y.
By Proposition 3.2, ±σz ∈ Γ if and only if ±σz(v
∗) = v∗ + L and ±σz(w∗) = −w∗ + L.
Therefore, σz ∈ Γ if and only if
z2d | ex
2d(n + 1)z2 | e2xy
2(n + 1) | 2 + e2y2z−2(n + 1)−1
(39)
and −σz ∈ Γ if and only if 
z2(n+ 1) | ey
2(n + 1)dz2 | e2xy
2d | 2 + e2x2d−1z−2.
(40)
Congruences (39) are precisely (22) - (24) when r = d, s = n+ 1, u = −z2, m = e, x = k, and
y = l. Congruences (40) are precisely (22) - (24) when r = n+1, s = d, u = −z2, m = e, x = l,
and y = k. 
Proposition 7.2. Let L = 2U ⊕ 〈−2r〉 ⊕ 〈−2s〉 where r, s > 1, and let v∗ and w∗ denote the
respective duals of the generators of the 〈−2r〉 and 〈−2s〉 factors of L. Suppose that z ∈ L is
primitive with divisor m = div(z) and length u = −z2 > 0, and suppose z∗ := z/m = kv∗ +
lw∗ +L ∈ D(L), which we denote by (k, l). Let Ku,mr,s (k, l) = z⊥ ⊂ L, and let gen(Ku,mr,s (k, l)) =
(2, 3;G,−δ) where G = D(Ku,mr,s (k, l)) and δ is the discriminant form on G. Then,
(1) if u = m = 2s and k = 0, or if u = 2m, m = s, and k = 0, then G = C2r and the Gram
matrix of δ is given by (
1
2r
)
;
(2) if u = m = 2s, k = r, l even then G = C2 ⊕ Cr if s and r are both odd; otherwise
G = C2 ⊕ C2r. In both cases, the Gram matrix of δ is given by(
(−l2 + 1)/2s −l/2
−l/2 (−sr + 1)/2r
)
.
In each case, the Gram matrices are given with respect to the canonical bases (1) if G is of the
form Ca and ((1, 0), (0, 1)) if G is of the form Ca ⊕ Cb, and the associated quadratic form is
taken modulo 2Z.
The cases u = m = s and k = 0; u = m = 2s, k = r, l odd; u = m = 2s, k = r, l even, r or
s even; cannot occur.
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Proof. As explained in §4-5 of [Nik79], if M ⊂ P is a primitive embedding of lattices and
N :=M⊥ ⊂ P , then the series of overlattices
M ⊕N ⊂ P ⊂ P∨ ⊂M∨ ⊕N∨
define a totally isotropic subgroup
(41) HP :=
P
M ⊕N
⊂ D(M)⊕D(N)
and natural projections pM : HP → D(M) and pN : HP → D(N). Moreover, the overlattice P
is uniquely determined by the subgroup HP .
Suppose 〈z〉 ⊂ L and L ⊂W are primitive embeddings where W is unimodular (by Corollary
1.12.3 of [Nik79], suitable W always exists) and let K := 〈z〉⊥ ⊂ L, and T = L⊥ ⊂ W . If
wL ∈ L
∨ represents an element of pL(HW ) then, by (41), there exists w ∈ W of the form
w = wL+wT where wT ∈ T
∨ is unique modulo T . As explained in Proposition 1.6.1 of [Nik79],
this correspondence defines an isomorphism γTL : qL → −qT by the mapping γTL : wL 7→ wT
(where wL and wT are taken to represent elements in D(L) and D(T ), respectively).
Consider the overlattice K ⊕ 〈z〉 ⊕ T ⊂ W . If V := K⊥ ⊂ W , then V is an overlattice of
〈z〉 ⊕ T . Therefore, as in (41), V is defined by the totally isotropic subgroup
HV ⊂ D(〈z〉) ⊕D(T ).
We shall use Pz and PT to denote the associated projections from HV to D(〈z〉) and D(T ). Let
α denote z/u ∈ D(〈z〉), and let z∗ = z/m = kv∗ + lw∗ + L ∈ D(L). If ξα is a generator for
Pz(HV ), then v = ξα + vT for some v ∈ V and vT ∈ T
∨. As v ∈ K⊥ = V ⊂ W , then v ∈ L∨
and so ξα ∈ L∨. Therefore γ−1LT (vT ) = ξα. As ξα = ξmu
−1z∗ = ξmu−1(k, l) ∈ D(L) then
vT = ξmu
−1(k, l) ∈ D(T ). Accordingly, HV = 〈(ξα, ξmu−1(k, l))〉 ⊂ D(〈z〉)⊕D(T ). Therefore,
by Proposition 1.4.1 and Corollary 1.6.2 of [Nik79],
−qK = qV = (q〈z〉 ⊕ qT |H⊥V )/HV .
As V is primitive then, as explained in §5 of [Nik79], Pz is injective. Therefore HV can be
identified with a subgroup of the cyclic groupD(〈z〉). If V ⊂ V ′ is an overlattice of V (andW was
chosen to be of sufficiently large rank) then, by Proposition 1.4.1 and Corollary 1.12.3 of [Nik79],
V ′ also admits a primitive embedding in W , and so HV ⊂ HV ′ . Therefore, if V is primitive,
then 0 6= ξ must be chosen so that the subgroups Pz(HV ) ⊂ D(〈z〉) and PT (HV ) ⊂ D(T ) are
maximal.
If D(T ) and D(〈z〉) are identified with Z/(2r)Z ⊕ Z/(2s)Z and Z/uZ, respectively, let x =
(x1, x2, x3) denote an element of D(〈z〉) ⊕D(T ) and define the map γ : HV → D(T ) by ξα 7→
ξmu−1(k, l) where HV is identified with 〈ξα〉 ⊂ D(〈z〉) for suitable ξ ∈ Z.
u=m=2s, k=0.
The discriminant form on D(〈z〉) ⊕D(T ) is given by
(42)
(
−1
2s
)
⊕
(
1
2r
)
⊕
(
1
2s
)
mod 2Z.
The map γ : ξα 7→ ξmu−1(0, l) ∈ D(T ) and we take ξ = 1 for maximality reasons. Therefore the
pushout Γγ of γ in D(〈z〉)⊕D(T ) is generated by y3 := (1, 0, l). An element x ∈ D(〈z〉)⊕D(T )
belongs to Γ⊥γ ⊂ D(〈z〉) ⊕D(T ) if and only if
−x1
2s
+
lx3
2s
≡ 0 mod Z;
or, equivalently, if
(43) x1 ≡ lx3 mod 2s.
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The elements y1 = (l, 0, 1) and y2 = (0, 1, 0) both satisfy (43). If x ∈ Γ
⊥
γ then x = x3y1 + x2y2
and so Γ⊥γ = 〈y1, y2〉. As y3 ∈ 〈y1〉 and o(y1) = o(y3) = 2s then Γγ = 〈y1〉. As 〈y2〉∩Γγ is trivial
then Γ⊥γ /Γγ ∼= C2r with discriminant form(
1
2r
)
mod 2Z.
u=m=s, k=0.
The form on D(〈z〉)⊕D(T ) is given by
(44)
(
−1
s
)
⊕
(
1
2r
)
⊕
(
1
2s
)
.
The map γ : ξα 7→ ξmu−1(k, l) ∈ D(T ) and we take ξ = 1 for maximality reasons. Therefore
the pushout Γγ is generated by y3 := (1, 0, l). An element x ∈ D(〈z〉) ⊕D(T ) belongs to Γ
⊥
γ if
and only if
(45)
−x1
s
+
lx3
2s
≡ 0 mod Z;
or equivalently, as l = 2l1, if
x1 ≡ l1x3 mod s.
Therefore, Γ⊥γ = 〈y1, y2〉 where y1 := (l1, 0, 1) and y2 = (0, 1, 0). As Γγ ⊂ 〈y1〉 is of index 2 and
Γγ ∩ 〈y2〉 is trivial, then Γ
⊥
γ /Γγ
∼= C2 ⊕ C2r with form(
−2l21 + 1
2s
)
⊕
(
1
2r
)
mod 2Z.
However, by Theorem 1.9.1 and Corollary 1.9.3 of [Nik79], Ku,mr,s must then be a rank 6 lattice
of the form U ⊕ V ⊕K2 or 2U ⊕K2, and so this case cannot occur.
u=2m, m=s, k=0.
The form on D(〈z〉) ⊕ D(T ) is as in (42). The map γ : ξα 7→ (ξ/2)(0, l) ∈ D(T ) and, as
l = 2l1, we take ξ = 1 for maximality reasons. The pushout Γγ of γ is therefore generated by
y3 := (1, 0, l1) ∈ D(〈z〉) ⊕D(T ). An element x ∈ D(〈z〉)⊕D(T ) belongs to Γ
⊥
γ if and only if
(46)
−x1
2s
+
l1x3
2s
≡ 0 mod Z;
or, equivalently, if
x1 ≡ l1x3 mod 2s.
Therefore, Γ⊥γ = 〈y1, y2〉 where y1 := (l1, 0, 1) and y2 = (0, 1, 0). As Γγ ⊂ 〈y1〉 is of index 1 and
Γγ ∩ 〈y2〉 is trivial, then (
1
2r
)
mod 2Z.
u=m=2s, k=r, l odd.
The form on D(〈z〉)⊕D(T ) is as in (42). The map γ : ξα 7→ ξmu−1(r, l) and we take ξ = 1 for
maximality reasons. The pushout Γγ of γ is generated by y3 := (1, r, l) and x ∈ Γ
⊥
γ if and only
if
−x1
2s
+
rx2
2r
+
lx3
2s
≡ modZ;
or, equivalently,
(47)
{
x1 ≡ lx3 mod 2s if x2 even
x1 ≡ lx3 + sx2 mod 2s if x2 odd.
The elements y1 := (l, 0, 1) and y2 := (s, 1, 0) both satisfy (47) and one checks that if x ∈ Γγ then
x = x3y1 + x2y2 in both cases, hence Γ
⊥
γ = 〈y1, y2〉. As 2l
2 ≡ 2 mod 2s then 2y1 = (2l, 0, 2) =
2l(1, r, l) = 2ly3 and so y1 is of order 1 or 2 modulo Γγ . If y1 = ay3 for some a ∈ Z then
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ar ≡ 0 mod 2r, and so a is even. However, a ≡ l mod 2s implies a is odd and so y1 must be of
order 2 modulo Γγ as y1 6∈ Γγ .
As 2l2 ≡ 2 mod 2s, then l2 ≡ 1 mod s and so (l, s) = 1. As l is odd, then (l, 2s) = 1.
Therefore, if y2 = by3 for 0 < b ≤ 2s then b = 2s and so y2 = 0, which is a contradiction.
Similarly, if ay2 = by3 for 2s ≥ a > 0 then a = 2r.
Therefore, Γ⊥γ /Γγ ∼= C2 ⊕ C2r. For rank reasons (as for u = m = s, k = 0), this case cannot
occur.
u=m=2s, k=r, l even.
The form on D(〈z〉)⊕D(T ) is as in (42). The map γ : ξα 7→ ξmu−1(k, l) = (r, l) ∈ D(〈z〉)⊕D(T )
and we take ξ = 1 for maximality reasons. The pushout Γγ of γ is generated by y3 := (1, r, l)
and the generators of Γ⊥γ are as in the case u = m = 2s, k = r, as is the conclusion that y1 is of
order 1 or 2 modulo Γγ . However, if the image of y1 is of order 1, then y1 = by3 for some b ∈ Z,
and so b ≡ l mod 2s and bl ≡ 1 mod 2s and so (l, 2s) = 1, which is a contradiction as l is even.
Therefore, y1 is of order 2 modulo Γγ .
The image of y2 cannot be trivial modulo Γγ as if (s, 1, 0) = b(1, r, l) for some b ∈ Z then
br ≡ 1 mod 2r and so (r, 2r) = 1, which is a contradiction.
If ay2 = by3 for 2r ≥ a > 0, 2s ≥ b > 0 then as ≡ b mod 2s and so b = s or 2s. If b = s, then
as ≡ s mod 2s which is true if and only if a is odd; on the other hand, as a ≡ sr mod 2r then a
is odd if and only if s and r are odd. If b = 2s then a(s, 1, 0) = 0 and so a = 2r. Therefore,
Γ⊥γ /Γγ ∼=
{
C2 ⊕ Cr if s and r are both odd
C2 ⊕ C2r otherwise.
In either case, the discriminant form on Γ⊥γ /Γγ is given by
(48)
(
(−l2 + 1)/2s −l/2
−l/2 (−sr + 1)/2r
)
mod 2Z.
However, for rank reasons (as for u = m = s, k = 0), this cases where r or s are odd cannot
occur. 
8. Hirzebruch-Mumford volumes
In this section we calculate Hirzebruch-Mumford volumes of subgroups of O(L) and O(Ku,mr,s (k, l)).
We denote the space of weight-k modular forms (respectively cusp forms) with character χ for
Λ ⊂ O(2,m) by Mk(Λ, χ) (respectively Sk(Λ, χ)), following the definitions of [Bor95]. The char-
acter χ tends not to feature in our calculations and so we typically suppress it, writing Mk(Λ)
or Sk(Λ) instead.
The Hirzebruch-Mumford proportionality principle states that for an arithmetic subgroup
Λ ⊂ O(2,m),
dim(Mk(Λ)) = VolHM(Λ) k
m +O(km−1).
The constant VolHM(Λ) is known as the Hirzebruch-Mumford volume of Λ and can be calculated
explicitly in terms of local densities by using results established in [GHS08,GHS07a], which we
follow along with [Kit93] for this exposition.
Theorem 8.1. (Theorem 2.1 [GHS07a]) If L is an indefinite lattice of signature (2,m), then
the Hirzebruch-Mumford volume VolHM(O(L)) is given by
(49) VolHM(O(L)) =
2
| sg(L)|
|detL|(m+3)/2
m+2∏
k=1
π−k/2Γ(k/2)
∏
p
αp(L)
−1
where αp(L) is the local density of the lattice L at the prime p, and | sg(L)| denotes the number
of spinor genera in the genus of L.
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Furthermore, as noted in [GHS07a], if Λ ⊂ O(L) is of finite index and contains a copy of the
hyperbolic plane U , then
VolHM (Λ) = |PΓ : PO(L)|VolHM (O(L)).
The local density αp(q) of a quadratic form q over an arbitrary number field K is defined as
αp(K) =
1
2
limr→∞ p−r(n−1)n/2|{X ∈ Matn(Zp) mod pr | tXSX = S mod pr}|
where S ∈ Matn(K) is the Gram matrix of S. If K = Q, then αp(L) can be expressed in terms of
the p-adic Jordan decomposition of L. Suppose L is a Zp-lattice in a non-degenerate quadratic
space of rank m with basis (vi) over Qp. The scale scale(L) of L is defined as the set
scale(L) = {(x, y) | x, y ∈ L}
and the norm norm(L) is defined as the ideal
norm(L) = {
∑
ax(x, x) | x ∈ L, ax ∈ Zp}.
The norm and scale satisfy the inclusion
2 scale(L) ⊂ norm(L) ⊂ scale(L).
Moreover, if p 6= 2, then norm(L) = scale(L), but if p = 2, then either of norm(L) = scale(L) or
norm(L) = 2 scale(L) can occur.
The lattice L is said to be pr-modular for r ∈ Z if p−r((vi, vj))i,j ∈ GLn(Zp). A pr-modular
lattice can be expressed as the scaling N(pr) of a unimodular lattice N .
A lattice is said to be a hyperbolic lattice if it is trivial or isomorphic to an orthogonal sum of
hyperbolic planes.
If the Zp-lattice L decomposes as the direct sum
(50) L =
⊕
j∈Z
Lj
of pj-modular lattices Lj where rankLj =: nj, let Ni denote the unimodular lattice p
−jLj .
For a regular (or trivial) quadratic space W over the finite field Fp, define
χ(W ) =

0 if dim(W ) is odd
1 if W is a hyperbolic space
−1 otherwise.
For a unimodular Zp-lattice N with norm(N) = 2 scale(N), define
χ(N) = χ(N/pN)
where N/pN is endowed with the quadratic form Q(x) = 12 (x, x) mod 2.
In the case p 6= 2, the local density αp(L) is given by
(51) αp(L) = 2
s−1pwPp(L)Ep(L),
where, in (51), s is the number of non-zero pj-modular terms in the orthogonal decomposition
(50), and Pp(L) is defined by
Pp(L) =
∏
j
Pp([nj/2])
where [nj/2] denotes the integer part of nj/2 and Pp(n) is defined by
(52) Pp(n) =
{∏n
i=1(1− p
−2i) n > 0
1 n = 0
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for n ∈ N. The term w is defined as
(53) w =
∑
j
jnj
(nj + 1)
2
+
∑
k>j
nk

for n ∈ N, and Ep(L) is defined by
Ep(L) =
∏
Lj 6=0
(1 + χ(Nj)p
−nj/2)−1.
A refinement is needed when p = 2. A unimodular Z2-lattice N is said to be even if it is trivial
or if normN = 2Z2; otherwise, N is said to be odd. Any unimodular Z2 lattice decomposes as
an orthogonal direct sum of even N even and odd Nodd components where rankNodd ≤ 2.
Define P2(L) by
P2(L) =
∏
j
P2(rankN
even
j /2).
If Nj−1 and Nj+1 are both even, and unless Noddj ∼= 〈ǫ1〉 ⊕ 〈ǫ2〉 where ǫ1 ≡ ǫ2 mod 4, define Ej
as
Ej =
1
2
(1 + χ(N evenj )2
− rankNevenj /2);
otherwise, let Ej = 1/2. Furthermore, note that Ej depends on Nj−1, Nj , Nj+1 and that
Ej =

1 if Nj−1 = Nj = Nj+1 = {0}
1 if Nj−1 = Nj = {0} and Nj+1 is even
1 if Nj−1 is even and Nj = Nj+1 = {0}
1
2 if Nj−1 = Nj = {0} and Nj+1 is odd
1
2 if Nj−1 is odd and Nj = Nj+1 = {0}.
Define E2(L) as
E2(L) =
∏
j
E−1j ,
then the local density α2(L) is given by
α2(L) = 2
m−1+w−qP2(L)E2(L)
where q =
∑
j qj and qj are defined by
qj =

0 if Nj is even
nj if Nj is odd and Nj+1 is even
nj + 1 if Nj and Nj+1 are both odd.
It should be noted that qj depends on both Nj and Nj+1 and that qj = 0 if Nj is trivial.
8.1. Hirzebruch-Mumford volume of O(L).
Proposition 8.2. If L = 2U ⊕ 〈−6〉 ⊕ 〈−2d〉, then
VolHM (O(L)) =
(12d)5/2π3
137781
L(3,
(
−12d
∗
)
)−12−ν(12d)
∏
p|12d
(1− p−6)(1 +
(
−12d
p
)
p−3)−1
.|12d|−13 |12d|
−1
2 α3(L)
−1α2(L)−1.
(Where expressions for α2(L) and α3(L) are given in the proof.)
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Proof. For prime p, let Lp denote L⊗ Zp and define a by |12d|p = p
−a.
p > 3. If p > 3 then, by Proposition 1.7.1 of [Nik79], D(Lp) = Cpa with discriminant form
(−2dp−a/pa) mod2Zp. By Theorem 1.9.1 and Corollary 1.9.3 of [Nik79],
Lp =
{
〈1〉⊕5 ⊕ 〈θ0〉 if a = 0
〈1〉⊕4 ⊕ 〈θ0〉 ⊕ 〈θa〉(pa) if a > 0
For θ0, θa ∈ Z
∗
p.
If a = 0 then s = 1, Pp(L) = Pp(3), and w = 0. If a > 0 then s = 2, Pp(L) = Pp(2), and
w = a.
If a = 0, then Ep(L) = (1 + χ(N0)p
−3)−1. By the classification of non-degenerate quadratic
forms over Fp (p. 63 of [Die71], for example), Lp/pLp is hyperbolic if and only if(
θ0
p
)
=
(
12d
p
)
=
(
−1
p
)
and so
χ(N0) =
(
−12d
p
)
.
If a > 0, then χ(N0) = χ(Na) = 0.
Therefore
Ep(L) =
{
(1 +
(
−12d
p
)
p−3)−1 if a = 0
1 if a > 0
and so
αp(L) =
{
Pp(3)(1 +
(
−12d
p
)
p−3)−1 if a = 0
2paPp(2) if a > 0.
p = 3. If p = 3, then D(Lp) = C3 and q3 = (−2/3) mod 2Z3 if a = 1; D(Lp) = C3 ⊕ C3
and q3 = (−2/3) ⊕ (−2.3
−1d/3) mod 2Z3 if a = 2; D(Lp) = C3 ⊕ C3a−1 and q3 = (−2/3) ⊕
(−2.32−ad/3a−1) mod 2Z3 if a > 2.
By Theorem 1.9.1 and Corollary 1.9.3 of [Nik79],
L3 =

〈1〉⊕4 ⊕ 〈θ0〉 ⊕ 〈θ1〉(3) if a = 1
〈1〉⊕3 ⊕ 〈θ0〉 ⊕ 〈θ1〉(3) ⊕ 〈θ′1〉(3) if a = 2
〈1〉⊕3 ⊕ 〈θ0〉 ⊕ 〈θ1〉(3) ⊕ 〈θa−1〉(3a−1) if a > 2
for θ1, θ
′
1, θa ∈ Z
∗
p.
If a = 1, then s = 2, w = 1, Pp(L) = Pp(2) and Ep(L) = 1 as χ(N0) = χ(N1) = 0.
If a = 2, then s = 2, w = 3, Pp(L) = Pp(2)Pp(1). As N0 is hyperbolic, then χ(N0) = 1. By
the classification of quadratic spaces over Fp, N1/pN1 is hyperbolic if and only if
χ(N1) =
(
4.3−1.d
p
)
=
(
−1
p
)
.
Therefore Ep(L) = (1 + p
−2)−1(1 + (−4.3
−1d
p )p
−1)−1.
If a > 2, then s = 3, w = a+1, and Pp(L) = Pp(2). As N0 is hyperbolic, then χ(N0) = 1 and
Ep(L) = (1 + p
−2)−1.
Therefore,
αp(L) =

2pPp(2) if a = 1
2p3Pp(2)Pp(1)(1 + p
−2)−1(1 + (−4.3
−1d
p )p
−1)−1 if a = 2
22pa+1Pp(2)(1 + p
−2)−1 if a > 2.
p = 2. If p = 2, then D(L2) = C2 ⊕ C2a−1 and q2 = (−3/2) ⊕ (−2
a−2d/2a−1) mod 2Z2 and
L2 = 2U ⊕ 〈θ1〉(2) ⊕ 〈θa−1〉(2a−1).
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If a = 2, then s = 2, q = 2, w = 3, and P2(L) = P2(rankN
even
0 /2)P2(rankN
even
1 /2). As
normN1 = Z2 then P2(rankN
even
1 /2) = P2(0) and P2(rankN
even
0 /2) = P2(2). Moreover, Ei = 1
when i < 0 or i > 2, E0 = 1/2, E2 = 1/2 and E1 = 1 if d 6≡ 3 mod 4 and E1 = 1/2 if
d ≡ 3 mod 4. Therefore,
E2(L) =
{
22 if d 6≡ 3 mod 4
23 if d ≡ 3 mod 4.
If a > 2, then w = a + 1, q = 3 if a = 3 and q = 2 if a ≥ 4, and P2(L) = P2(2)P2(0)
2. If
a = 3, then Ei = 1 when i < −1 or i > 3, E−1 = 1, E0 = 1/2, E1 = 1/2, E2 = 1/2, E3 = 1/2,
and E2(L) = 2
4. If a = 4, then Ei = 1 when i < −1 or i > 4, E−1 = 1, E0 = 1/2, E1 = 1,
E2 = 1/2, E3 = 1, E4 = 1/2, and E2(L) = 2
3. If a = 5, then Ei = 1 when i < −1 or i > 5,
E−1 = 1, E0 = 1/2, E1 = 1, E2 = 1/2, E3 = 1/2, E4 = 1, E5 = 1/2, and E2(L) = 24. If
a ≥ 6 then E2(L) = E
−1
−1E
−1
0 E
−1
1 E
−1
2 E
−1
a−2E
−1
a−1E
−1
a and E−1 = 1, E0 = 1/2, E1 = 1, E2 = 1/2,
Ea−2 = 1/2, Ea−1 = 1, Ea = 1/2, and so E2(L) = 24. Therefore,
α2(L) =

28P2(2) if a = 2 and d 6≡ 3 mod 4
29P2(2) if a = 2 and d ≡ 3 mod 4
27+aP2(2) if a = 3 or 4
28+aP2(2) if a ≥ 5.
For all prime p, let {
αp(L, a = 0) := Pp(3)(1 +
(
−12d
p
)
p−3)−1
αp(L, a 6= 0) := 2p
aPp(2).
Then, ∏
p
α−1p =
α3(L, a 6= 0)
α3(L)
.
α2(L, a 6= 0)
α2(L)
.
∏
p
αp(L, a = 0)
−1.
∏
p|12d
αp(L, a = 0)
αp(L, a 6= 0)
and∏
p
αp(L, a = 0)
−1 =
∏
p
(1− p−2)−1
∏
p
(1− p−4)−1
∏
p
(1− p−6)−1
∏
p
(1 +
(
−12d
p
)
p−3)
= ζ(2)ζ(4)ζ(6)
∏
p
(1 +
(
−12d
p
)
p−3)
= ζ(2)ζ(4)ζ(6)L(3,
(
−12d
∗
)
)−1
=
π12
510300
L(3,
(
−12d
∗
)
)−1,
where L(s,
(
D
∗
)
) is the Dirichlet series defined by p 7→
(
D
p
)
(and where we have used the familiar
values ζ(2) = π2/6, ζ(4) = π4/90, ζ(6) = π6/945).
Similarly, ∏
p|12d
αp(L, a = 0)
αp(L, a 6= 0)
=
∏
p|12d
Pp(3)
2paPp(2)
(1 +
(
−12d
p
)
p−3)−1
= 2−ν(12d)(12d)−1
∏
p|12d
(1− p−6)(1 +
(
−12d
p
)
p−3)−1
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where ν(x) denotes the number of prime divisors of x counted without multiplicity. Furthermore,
α3(L, a 6= 0)
α3(L)
α2(L, a 6= 0)
α2(L)
= 22|12d|−13 |12d|
−1
2 P3(2)P2(2)α3(L)
−1α2(L)−1
=
200
81
|12d|−13 |12d|
−1
2 α3(L)
−1α2(L)−1
and so∏
p
αp(L)
−1 =
π12
510300
200
81
L(3,
(
−12d
∗
)
)−12−ν(12d)(12d)−1
∏
p|12d
(1− p−6)(1 +
(
−12d
p
)
p−3)−1
.|12d|−13 |12d|
−1
2 α3(L)
−1α2(L)−1.
By the Legendre duplication formula (54) (p. 73 [Dav13], for example)
(54) Γ(z)Γ(z + 1/2) = 21−2zπ1/2Γ(2z),
and so
6∏
k=1
π−k/2Γ(k/2) =
3π−9
4
.
Therefore,
VolHM (O(L)) =2(12d)
7/2.
3π−9
4
.
∏
p
αp(L)
−1
=(12d)7/2
3π−9
2
π12
510300
200
81
L(3,
(
−12d
∗
)
)−12−ν(12d)(12d)−1∏
p|12d
(1− p−6)(1 +
(
−12d
p
)
p−3)−1.|12d|−13 |12d|
−1
2 α3(L)
−1α2(L)−1
=
(12d)5/2π3
137781
L(3,
(
−12d
∗
)
)−12−ν(12d)
∏
p|12d
(1− p−6)(1 +
(
−12d
p
)
p−3)−1
.|12d|−13 |12d|
−1
2 α3(L)
−1α2(L)−1.

8.2. Hirzebruch-Mumford volumes of O(Ku,mr,s (k, l)).
Proposition 8.3. If Ku,mr,s (k, l) is as in Lemma 7.2, then
(1) VolHM (O(K
2s,2s
r,s (0, l))) =
(2r)2
450 2
−ν(2r)(α2(K)−1|2r|−12 )
∏
p|2r(1 + p
−2),
(2) VolHM (O(K
2s,s
r,s (0, l))) =
(2r)2
450 2
−ν(2r)(α2(K)−1|2r|−12 )
∏
p|2r(1 + p
−2),
(3) VolHM (O(K
2s,2s
r,l )) =
(2r)2
144002
−ν(2r)∏
p|2r(1 + χ(N0)p
−2) (where l is even).
Proof. Where no confusion is likely to arise, we shall refer toK2s,2sr,s (0, l), K
2s,s
r,s (0, l) andK
2s,2s
r,s (r, l)
by K. For prime p, let a be defined by |detK|p = p
−a. We also note that each of the spinor
genera sg(K) contain (at most) one class by Theorem 1.13.2 of [Nik79].
K2s,2sr,s (0, l). Let K = K
2s,2s
r,s (0, l).
If p 6= 2, then by Theorem 1.9.1 and Corollary 1.9.3 of [Nik79],
(55) Kp =
{
〈1〉⊕4 ⊕ 〈θ0〉 if a = 0
〈1〉⊕3 ⊕ 〈θ0〉 ⊕ 〈θa〉(pa) if a > 0.
If a = 0 then s = 1, w = 0, Pp(K) = Pp(2), and Ep(K) = 1. If a > 0 then s = 2, w = a,
Pp(K) = Pp(2), Ep(1 + p
−2)−1 (noting that K = 2U ⊕ 〈−2r〉 by Corollary 1.13.4 of [Nik79]).
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Therefore,
αp(K) =
{
Pp(2) if a = 0
2paPp(2)(1 + p
−2)−1 if a > 0.
If p = 2 then, by Theorem 1.9.1 and Corollary 1.9.3 of [Nik79],
K2 = 2U ⊕ 〈θa〉(2
a)
and so m = 5, w = a, and q = 1.
If a = 1, then Ej = 1 for j < −1, E−1 = 1, E0 = 1/2, E1 = 1, E2 = 1/2, E3 = 1, Ej = 1 for
j > 3. Therefore, E(K2) = 2
2.
If a = 2, then Ej = 1 for j < −1, E−1 = 1, E0 = 12(1 + 2
−2), E1 = 1/2, E2 = 1, E3 = 1/2,
Ej = 1 for j > 3. Therefore, E(K2) = 2
3(1 + 2−2)−1.
If a = 3, then Ej = 1 for j < −1, E−1 = 1, E0 = 12(1 + 2
−2), E1 = 1, E2 = 1/2, E3 = 1,
E4 = 1/2, E5 = 1, Ej = 1 for j > 5. Therefore, E(K2) = 2
3(1 + 2−4)−1.
If a > 3 then Ej = 1 for j < −1, E−1 = 1, E0 = 12 (1+2
−2), E1 = 1, Ej = 1 for 1 < j < a− 1,
Ea−1 = 1/2, Ea = 1, Ea+1 = 1/2, Ej = 1 for j > a+ 1. Therefore, E(K2) = 23(1 + 2−2)−1.
Therefore,
E(K2) =
{
23(1 + 2−2)−1 if a > 1
22 if a = 1
and so
α2(K) =
{
26P2(2) if a = 1
26+aP2(2)(1 + 2
−2)−1 if a > 1.
As ∏
p
αp(L)
−1 =
2α2(K)
−1|2r|−12
(1 + 2−2)
.
∏
p|2r
2−1p−a(1 + p−2).
∏
p
Pp(2)
−1
=
2ζ(2)ζ(4)
(1 + 2−2)
2−ν(2r)(2r)−1(α2(K)−1|2r|−12 )
∏
p|2r
(1 + p−2)
=
2π6
675
2−ν(2r)(2r)−1(α2(K)−1|2r|−12 )
∏
p|2r
(1 + p−2)
and ∏
p
π−k/2Γ(k/2) = 3π−6/8,
then
VolHM (O(K)) = 2.(2r)
3.
3π−6
8
.
2π−6
675
2−ν(2r)(2r)−1(α2(K)−1|2r|−12 )
=
(2r)2
450
2−ν(2r)(α2(K)−1|2r|−12 )
∏
p|2r
(1 + p−2).
K2s,sr,s (0, l). By Proposition 7.2, K
2s,s
r,s (0, l) and K
2s,2s
r,s (0, l) have identical discriminant forms and
are therefore isomorphic by Theorem 1.13.2 of [Nik79].
K2s,2sr,s (r, l). Let K = K
2s,2s
r,s (r, l). Suppose p 6= 2. By Theorem 1.9.1 and Corollary 1.9.3
of [Nik79], Kp is as in (55). If a = 0, then s = 1, w = 0, Pp(K) = Pp(2), and Ep(K) = 1. If
a > 0, then s = 2, w = a, Pp(K) = Pp(2), Ep(K) = (1 + χ(N0)p
−2)−1. Therefore,
αp(K) =
{
Pp(2) if a = 0
2paPp(2)(1 + χ(N0)p
−2)−1 if a > 0.
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Suppose p = 2. By Theorem 1.9.1 and Corollary 1.9.3 of [Nik79], and Proposition 1.8.2 of [Nik79]
then
K2 = 2U ⊕ 〈θ1〉(2)
and so E2(K) = 2
2 (as for K2s,2s0,l in the case a = 1) and α2(K) = 2
6P2(2).
Therefore,∏
p
αp(K)
−1 =
2−6
2−1|2r|2(1 + χ(N0)2−2)
∏
p
Pp(2)
−1.
∏
p|2r
2−1|2r|p(1 + χ(N0)p−2)
= 2−4(1 + 2−2)−1ζ(2)ζ(4)2−ν(2r)(2r)−1
∏
p|2r
(1 + χ(N0)p
−2)
(where the denominator (1 + χ(N0)2
−2) is obtained from the 2-adic decomposition of K), and
so
VolHM (O(K)) = 2.(2r)
3.
3π−6
8
.2−4(1 + 2−2)−1ζ(2)ζ(4).2−ν(2r)(2r)−1
∏
p|2r
(1 + χ(N0)p
−2)
=
(2r)2
14400
2−ν(2r)
∏
p|2r
(1 + χ(N0)p
−2).

9. Reflective Obstructions
In this section, we determine values of d for which there are non-trivial spaces of modular
forms outside the space of reflective obstructions. For a = 2, 3 we shall useM ref(4−a)k(Γ) to denote
the space of all F ∈M(4−a)k(Γ,detk) with the property that F vanishes along the branch divisor
of F2d(Γ).
Proposition 9.1. Let L be a lattice of signature (2, n) and let Γ ⊂ O+(L) be an arithmetic
subgroup. If a < n is integral and k is even, then a modular form F ∈ Mk(n−a)(Γ) belongs to
M ref(n−a)k(Γ) if it lies outside a space RefObsk(n−a)(Γ) isomorphic to
(56) RefObsk(n−a)(Γ) =
⊕
z∈I
k/2−1⊕
i=0
Mk(n−a)+2i(Γ ∩O+(z⊥)),
where I indexes Γ-representatives of primitive z ∈ L defining σ(z) ∈ Γ or −σ(z) ∈ Γ.
Proof. Proposition 4.1 of [GHS08]. 
Lemma 9.2. If σ(z) ∈ Γ, then z⊥ is isomorphic to one of B1 := K
6,3
d,3(0, l), B2 := K
6,6
d,3(0, l),
B3 := K
6,6
d,3(d, l) (only if d is odd). If −σ(z) ∈ Γ, then z
⊥ is isomorphic to one of B4 :=
K2d,d3,d (0, l), B5 := K
2d,2d
3,d (0, l), B6 := K
2d,2d
3,d (3, l) (only if d is odd).
Proof. For z ∈ L = 2U ⊕ 〈−2r〉 ⊕ 〈−2s〉, let e = div(z), and let (k, l) be defined by z/div(z) =
kv∗ + lw∗ + L where v∗ (respectively w∗) generates the 〈−2r〉 (respectively 〈−2s〉) factor of L.
Let Ku,mr,s (k, l) denote z⊥ ⊂ L.
If σ(z) ∈ Γ then, by Corollary 7.1, u, m, k, l satisfy Lemma 7.1 with r = d, s = 3, u = z2,
m = e with z2 = −e or z2 = −2e. By Lemma 7.1, k ≡ 0 mod 2d or k ≡ d mod 2d. Suppose
k ≡ 0 mod 2d. Then, u = m = 6 and l2 ≡ 1 mod 3 if l is odd; u = m = 3 and l2 ≡ 2 mod 6 if l is
even (which cannot occur, by Proposition 7.2); u = 2m = 6, l = 2l1 is even and 2l
2
1 ≡ 2 mod 6.
Suppose k ≡ d mod 2d. Then, u = m = 6 and 2l2 ≡ 2 mod 6 with ml even and l odd (which
cannot occur by Proposition 7.2); u = m = 6, l2 ≡ 1 mod 3 with ml = 3 and l even (which
cannot occur when d is even by Proposition 7.2).
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If −σ(z) ∈ Γ then, by Corollary 7.1, u, m, k, l satisfy Lemma 7.1 with r = 3, s = d, u = z2,
m = e with z2 = −e or z2 = −2e. If k ≡ 0 mod 6, then u = m = 2d and l2 ≡ modd if l
is odd; u = m = d and l2 ≡ 2 mod 2d if l is even (which cannot occur by Proposition 7.2);
u = 2m = 2d and 2l21 ≡ 2 mod 2d if l = 2l1 even. Suppose k ≡ 3 mod 6. Then, u = m = 2d
and 2l2 ≡ 2 mod 2d if l is odd (which cannot occur by Proposition 7.2); u = m = lcm(2, d) and
l2 ≡ 1 mod d if l even (which, by Proposition 7.2, can only occur when d is odd). 
Lemma 9.3. For K = Ku,mr,s (k, l) as in Proposition 7.2, if K = K
2s,2s
r,s (0, l), K
2s,s
r,s (0, l); or
K = K2s,2sr,s (r, l) with l even and r, s both odd then
|O(qK)| ≤
{
2ν(2r)−1 if (r, 2) = 1
2ν(2r) otherwise.
(Where ν(x) is the number of prime divisors of x.)
Proof. For all K, D(K) ∼= Z/(2r)Z and, for some generator x of D(K), the quadratic form qK
is given by
x2
2r
=
θ
2r
mod 2Z
or, equivalently,
(57) x2 ≡ θ mod 4r.
Fix y so that y2 ≡ θ mod 4r and suppose 4r = pa11 . . . p
an
n where pi are distinct primes, ai 6= 0,
and p1 = 2. Then, by the Chinese remainder theorem, (57) is equivalent to
(58) (x− y)(x+ y) ≡ 0 mod paii ∀p
ai
i ‖4r.
If p > 2 and p | (x − y) and p | (x + y), then p|2x which is a contradiction as (x, 2r) = 1.
Therefore, x− y ≡ 0 mod paii or x+ y ≡ 0 mod p
ai
i .
Suppose p = 2. If a1 = 2 then x ≡ 1 mod 2. If a1 = 3, then (as x is odd) 2‖x−y and 4‖x+y
or 4‖x − y and 2‖x + y. Therefore x ≡ ±y mod 4. If a > 3, then 4 cannot divide both x − y
and x+ y otherwise 4|2x, implying that x is even. Therefore, 2a1−1‖x+ y or 2a1−1‖x − y, and
so x ≡ ±y mod 2a−1.
As D(K) is cyclic, an element of O(qk) is defined by its image on a generator of D(K). By
counting solutions to (57),
|O(qK)| ≤
{
2ν(2r)−1 if (2, r) = 1
2ν(2r) otherwise.

Lemma 9.4. Let m ∈ N, x ∈ N, and c ≥ 1. Then 2ν(x) ≤ cx1/m for all x≫ 0.
Proof. Fix x ∈ N. If n := ν(x), let x = pa11 . . . p
an
n where pi are prime and p1 < p2 < . . . < pn.
If pn ≥ 2
m and ( p1
2m
)
. . .
(pn−1
2m
)
> c−m
then 2mn ≤ cmx, which is satisfied whenever n > K for some K chosen suitably large.
Let
M(m) := Min
{
a∏
i=1
( pi
2m
)
| a ≤ K and pi distinct
}
.
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If a prime p > 2mM(m)−1c−m divides x, then
x
2nm
=
( pn
2m
)an
. . . . .
( p1
2m
)a1
≥
( p
2m
)
.
(
pan−1n−1
2m
)
. . . . .
(
pa11
2m
)
≥
( p
2m
)
.M(m)
≥ c−m,
and so cmx ≥ 2mν(x) if x is divisible by a suitably large prime.
Suppose x is not divisible by a suitably large prime. If all ai > m, then 2
ν(x) ≤ cx1/m.
Therefore, only finitely many x ∈ N violate 2ν(x) ≤ cx1/m. 
Lemma 9.5. For all x ∈ N, 2ν(x) ≤ 10x1/4.
Proof. In Lemma 9.4, K = 1, M(4) = 0.125 and 24M(4)−110−4 = 0.0002. Therefore, 2ν(x) ≤
10x1/4 is true whenever x is divisible by a prime p ≥ 2, which is always so. 
Lemma 9.6. If χ is an arithmetic function taking values in {0,±1} then, for all s > 1,
ζ(2s)ζ(s)−1 ≤ L(s, χ) ≤ ζ(s)
and
ζ(2s)ζ(s)−1 ≤
∏
p|D
(1− χ(p)p−s)−1 ≤ ζ(s)
for all D ∈ N.
Proof. If λ is the Liouville function, then
L(s, λ) =
∏
p
(1 + p−s)−1 ≤
∏
p|D
(1 + p−s)−1 ≤
∏
p|D
(1− χ(p)p−s)−1 ≤
∏
p|D
(1− p−s)−1 ≤ ζ(s).
As L(s, λ) = ζ(2s)ζ(s)−1 (p. 335 [HW08]), then
ζ(2s)ζ(s)−1 ≤
∏
p|D
(1− χ(p)p−s)−1 ≤ ζ(s)
and so, by letting D →∞,
ζ(2s)ζ(s)−1 ≤ L(s, χ) ≤ ζ(s).

Lemma 9.7. If Ku,mr,s (k, l) are as in Proposition 7.2, then
VolHM (O(K
2s,2s
r,s (0, l))) ≤
(2r)2π−2
675
2−ν(2r),
VolHM (O(K
2s,s
r,s (0, l))) ≤
(2r)2π−2
675
2−ν(2r),
and, if l is even, then
VolHM (O(K
2s,2s
r,s (r, l))) ≤
(2r)2π−2
960
2−ν(2r).
Proof. If K = K2s,2sr,s (0, l) or K
2s,s
r,s (0, l) then, by Proposition 8.3,
VolHM (O(K)) =
(2r)2
450
2−ν(2r)(α2(K)−1|2r|−12 )
∏
p|2r
(1 + p−2).
As α2(K) = 2
6P2(2) if |2r|2 = 1/2 and α2(K) = 2
6|2r|−12 P2(2)(1 + 2
−2)−1 if |2r|2 < 1/2, then
α2(K)
−1 ≤ 245 |2r|2.
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By Lemma 9.6, ∏
p|2r
(1 + p−2) ≤ ζ(2)ζ(4)−1 = 15π−2.
Therefore,
VolHM (O(K)) ≤
(2r)22−ν(2r)
450
.
2
45
.15π−2
=
(2r)2π−2
675
.2−ν(2r).
Similarly, if K = K2s,2sr,s (r, l) then, by Proposition 8.3,
VolHM (O(K)) =
(2r)2
14400
2−ν(2r)
∏
p|2r
(1 + χ(N0)p
−2).
Therefore, by Lemma 9.6,
VolHM (O(K)) ≤
(2r)2
14400
2−ν(2r).15π−2
=
(2r)22−ν(2r)π−2
960
.

Lemma 9.8. If L = 2U ⊕ 〈−6〉 ⊕ 〈−2d〉 then
VolHM (O(L)) ≥ (12d)
5/22−ν(12d)EL
where
EL =
3π3
705438720.ζ(3)2
.
Proof. By Proposition 8.2,
VolHM (O(L)) =
(12d)5/2π3
137781
L
(
3,
(
−12d
∗
))−1
2−ν(12d)
∏
p|12d
(1− p−6)(1 +
(
−12d
p
)
p−3)−1
.|12d|−13 |12d|
−1
2 α3(L)
−1α2(L)−1,
where
α2(L) =

26|12d|−12 P2(2) if |12d|
−1
2 = 2
2 and d 6≡ 3 mod 4
27|12d|−12 P2(2) if |12d|
−1
2 = 2
2 and d ≡ 3 mod 4
27|12d|−12 P2(2) if |12d|
−1
2 = 2
3 or |12d|−12 = 2
4
28|12d|−12 P2(2) if |12d|
−1
2 ≥ 2
5,
and
α3(L) =

2|12d|−13 P3(2) if |12d|
−1
3 = 3
2.3|12d|−13 P3(2)P3(1)(1 + 3
−2)−1(1 +
(
−4.3−1d
p
)
3−1)−1 if |12d|−13 = 3
2
22.3|12d|−13 P3(2)(1 + 3
−2)−1 if |12d|−13 > 3
2.
As P2(2) = 45/64, P3(1) = 8/9, P3(2) = 640/729, then
α2(L)
−1 ≥ |12d|2.2−8P2(2)−1 = (180)−1|12d|2.
and
α3(L)
−1 ≥
27.|12d|3
256
.
Therefore,
|12d|−13 |12d|
−1
2 α3(L)
−1α2(L)−1 ≥
3
5120
.
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By Lemma 9.6,
L(3,
(
−12d
∗
)−1
≥ ζ(3)−1,
∏
p|12d
(1− p−6) ≥ ζ(6)−1,
and ∏
p|12d
(1 +
(
−12d
∗
)
p−3)−1 ≥ ζ(6)ζ(3)−1.
Therefore,
VolHM (O(L)) ≥
(12d)5/2π3
137781
ζ(3)−12−ν(12d)ζ(3)−1
3
5120
≥
3.(12d)5/2
705438720
.π3ζ(3)−22−ν(12d)
≥ (12d)5/22−ν(12d).EL
where
EL =
3π3
705438720.ζ(3)2
.

If Ref(L) := {z⊥ ⊂ L | z ∈ L and σz ∈ Γ or −σz ∈ Γ}, let Jj denote the number of Γ-
equivalent classes of Ref(L) represented by Bj, and let Ij = |PO(Bj) : P(O(Bj) ∩ Γ)|, where
O(Bj) ∩ Γ denotes the image of the natural map StabΓ(Bj)→ O(Bj).
Lemma 9.9. If d > 1, the index Ii satisfies Ii ≤ 4|O(qBj )|.
Proof. For a lattice M containing a copy of the hyperbolic plane U , let D = |O(qM )|. By
Lemma 3.2 of [GHS07a],
|PO(M) : PO˜
+
(M)| =
{
D if − id 6∈ O˜
+
(M)
2D if − id ∈ O˜
+
(M)
(where PO(M), PO˜
+
(M), etc denote O(M), O˜
+
(M), etc modulo their centres). Moreover,
− id ∈ O˜
+
(M) if and only if D(M) is 2-elementary.
By Proposition 3.2 and Lemma 7.1 of [GHS13], S˜O
+
(Bj) ⊂ O(Bj) ∩ Γ and so
|O(Bj) : O(Bj) ∩ Γ||O(Bj) ∩ Γ : S˜O
+
(Bj)| = |O(Bj) : S˜O
+
(Bj)|.
Therefore, |O(Bj) : O(Bj) ∩ Γ| ≤ |O(Bj) : S˜O
+
(Bj)|. As
|O(Bj) : S˜O
+
(Bj)| ≤ |O(Bj) : O˜
+
(Bj)||O(Bj) : SO(Bj)|,
then |O(Bj) : O(Bj) ∩ Γ| ≤ 2|O(Bj) : O˜
+
(Bj)|. Because D(Bj) is never 2-elementary, −I 6∈
O˜
+
(Bj). Therefore,
|PO(Bj) : PO˜
+
(Bj)| =
|O(Bj) : O˜
+
(Bj)|
2
.
As either of −I ∈ O(Bj) ∩ Γ or −I 6∈ O(Bj) ∩ Γ could occur,
|PO(Bj) : P(O(Bj) ∩ Γ)| ≤ |O(Bj) : O(Bj) ∩ Γ|,
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and so
|PO(Bj) : P(O(Bj) ∩ Γ)| ≤ |O(Bj) : O(Bj) ∩ Γ|
≤ 2|O(Bj) : O˜
+
(Bj)|
≤ 4|PO(Bj) : PO˜
+
(Bj)|.

Lemma 9.10. The number of embeddings Jj satisfies
(1) If l2 ≡ 1 mod s, l is odd, and Bj ∼= K
2s,2s
r,s (0, l), then Jj ≤ 2
ν(s)+1 if s is odd, Jj ≤ 2
ν(s)
if 2‖s, Jj ≤ 2
ν(s)+1 if 4‖s, and Jj ≤ 2
ν(s)+2 if 8|s;
(2) if 2l21 ≡ 2 mod 2s, l = 2l1 is even, and Bj
∼= K
2s,s
r,l (0, l), then Jj ≤ 2
ν(s) if s is odd,
Jj ≤ 2
ν(s)−1 if 2‖s, Jj ≤ 2ν(s) if 4‖s, and Jj ≤ 2ν(s)+1 if 8|s;
(3) if l2 ≡ 1 mod s, l is even, and Bj ∼= K
2s,2s
r,l (r, l), then Jj ≤ 2
ν(s)+1.
Proof. By Proposition 3.2, S˜O
+
(L) ⊂ Γ. Therefore, by the Eichler criterion, the number Jj
of primitive embeddings of Bj ⊂ L up to Γ-equivalence is bounded above by the number of
pairs (k, l) determined by Bj ∼= K
u,m
r,s (k, l) satisfying Proposition 7.2. As k is fixed then, by
Proposition 7.2, Jj is bounded above by the number of l taken modulo 2s satisfying
(1) l2 ≡ 1 mod s and l odd if Bj ∼= K
2s,2s
r,s (0, l);
(2) 2l21 ≡ 2 mod 2s and l = 2l1 is even if Bj
∼= K
2s,s
r,l (0, l);
(3) l2 ≡ 1 mod s and l is even if Bj ∼= K
2s,2s
r,l (r, l).
We count solutions as in Lemma 9.3. Let {paii } be the distinct prime power divisors of s.
(1) We count solutions to (l − 1)(l + 1) ≡ modpaii . As m = 2s, then (l, 2s) = 1. Therefore,
if pi|s is odd, then pi cannot divide both l−1 and l+1, and so for all odd p
ai
i , p
ai
i ‖(l−1)
or paii ‖(l + 1). Therefore, if s is odd, there are 2
ν(s) solutions to l2 ≡ 1 mod s.
Suppose 2a‖s. By calculating explicitly, l2 − 1 ≡ 0 mod 2a has 1 solution if a = 1
and 2 solutions if a = 2. If a ≥ 3, then only one of 4|(l − 1), 4|(l + 1) can occur,
otherwise 4|2l, implying l is even. Therefore, l ≡ ±1 mod 2a or l ≡ ±1 mod 2a−1,
implying l ≡ ±1 mod 2a or l ≡ ±1 + 2a−1 mod 2a, and so there are 4 solutions.
Therefore, for l ∈ Z/(2s)Z, l2 ≡ 1 mod s has 2ν(s) + 1 solutions if s is odd, 2ν(s)
solutions if s‖2, 2ν(s)+1 solutions if 4‖s, and 2ν(s)+2 solutions if 8|s.
(2) As in (i), 2l21 ≡ 2 mod 2s has 2
ν(s) solutions when s is odd, 2ν(s)−1 solutions if 2‖s, 2ν(s)
solutions if 4‖s, and 2ν(s)+1 solutions if 8|s.
(3) As in (i), l2 ≡ 1 mod s has 2 solutions for every odd paii ‖s and so at most 2
ν(s)+1 solutions
modulo 2s.

Lemma 9.11. Using the notation of Lemma 9.8,
VolHM (Γ) ≥
{
(12d)5/2EL if 3|d
(12d)5/2EL/2 if (3, d) = 1.
Proof. By [GHS07a],
VolHM (Γ) = |PO(L) : PΓ|VolHM (O(L)).
By Proposition 3.2, Γ = S˜O
+
(L) ⋊ 〈σv〉 where σv is a reflection in a generator of the 〈−6〉
factor of L. Therefore, |O(L) : S˜O
+
(L)| = 2|O(L) : Γ| and as −I 6∈ Γ (as D(L) is not 2-
elementary), then |O(L) : Γ| = 2|PO(L) : PΓ| and so 4|PO(L) : PΓ| = |O(L) : S˜O
+
(L)|. As
|O(L) : S˜O
+
(L)| = 2|O(L) : O˜
+
(L)|, then 2|PO(L) : PΓ| = |O(L) : O˜
+
(L)|. As −I 6∈ O˜
+
(L),
then 2|PO(L) : PO˜
+
(L)| = |O(L) : O˜
+
(L)|, and so |PO(L) : PΓ| = |PO(L) : PO˜
+
(L)|.
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The discriminant form qL is given by
qL =
(
−1
6
)
⊕
(
−1
2d
)
mod 2Z
on C6 ⊕ C2d. Therefore, by arguing as in Lemma 9.3, |O(qK)| ≥ 2.2
ν(2d)−1 (as O(qK) contains
the product of the orthogonal group for the C6 and C2d factors). The result then follows from
Lemma 9.8. 
Proposition 9.12. For k ≫ 0, the space M refk(4−a)(Γ) is non-trivial if a = 2 and d > 336016568,
or if a = 3 and d > 4580959607.
Proof. By Lemma 9.11, VolHM (Γ) ≥ (12d)
5/2EL/2 where EL =
3π3
705438720.ζ(3)2
. For even k, let
C(k, n, a) be the polynomial
C(k, n, a) =
k/2−1∑
j=0
(k(n − a) + 2j)3
= k4.2−3(22(n− a)3 + 6(n− a)2 + 22(n− a) + 1) +O(k3),
where we have used the identities∑n
k=1 k = n(n+ 1)/2,
∑n
k=1 k
2 = n(n+ 1)(2n + 1)/6, and
∑n
k=1 k
3 = n2(n+ 1)2/4.
Then, by Theorem 3.1 of [GHS07a], the reflective obstruction (56) is equal to
RefObsk(n−a)(Γ) =
∑
j
C(k, n, a)IjJj VolHM (O(Bj)).
Let Ei = IiJiVolHM (O(Bi)). By Lemma 9.9, Ij ≤ 4|O(qBj )|. Bounds for |O(qBj )| were obtained
in Lemma 9.3. Bounds for Jj were obtained in Lemma 9.10, and bounds for VolHM (O(Bj))
were obtained in Lemma 9.7. Therefore, E1 ≤
32d2
675π2
, E2 ≤
64d2
675π2
, E3 ≤
d2
15π2
, E4 ≤
2ν(d)+4
75π2
,
E5 ≤
2ν(d)+5
75π2
, and E6 ≤
3.2ν(d)
20π2
.
Let Ci denote the constant factor of Ei. Then, by Lemma 9.5,
dimRefObsk(n−a)(Γ) ≤ C(k, n, a)(d2(C1 + C2 + C3) + 10d1/4(C4 + C5 + C6)).
If C ′(k, n, a) denotes the leading coefficient of C(k, n, a) in k then, by Hirzebruch-Mumford
proportionality, dimMk(n−a)(Γ)− dimRefObsk(n−a)(Γ) > 0 for k ≫ 0 if
(59) d5/2D0 − d
2D1 − d
1/4D2 > 0
whereD1 = (C1+C2+C3)C
′(k, n, a), D2 = 10(C4+C5+C6)C ′(k, n, a), andD0 = (12)5/2(EL/2)(n−
a)4.
If d > 1 and D0 > 0 then (59) is satisfied whenever
(60) d >
(
D1 +D2
D0
)2
.
For a = 2, D0 = 0.00036417 . . ., D1 = 0.17197 . . ., D2 = 6.5036 . . ., and (60) is satisfied whenever
d > 336016568. For a = 3, D0 = 2.2761× 10
−5 . . ., D1 = 0.039684 . . ., D2 = 1.5008 . . ., and (60)
is satisfied whenever d > 4580959607. 
Proposition 9.13. By using a computer, the bounds of Proposition 9.12 can be refined to
d > 252288 when a = 3 and d > 18504 when a = 2. Moreover, for k ≫ 0, there are at least
232354 values of d in the range 1170 ≤ d ≤ 252288 so that the space M refk(4−a) is non-trivial when
a = 3, and when a = 2 there are at least 17048 values of d in the range 90 ≤ d ≤ 18504 for
which the space M refk(4−a) is non-trivial. The complements of these values are given in Appendix
I and II.
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Proof. Brute force calculation. The code was written for the computer algebra package Sage
and performed on 10 nodes each containing a six-core AMD FX-6100 processor, with a part of
the calculation assigned to each core. The calculation for a = 3 took approximately 12 hours,
and the calculation for a = 2 took around an hour. 
10. Low-weight cusp forms
In this section, we construct cusp forms of weight 3 for O˜
+
(2U ⊕ 〈−6〉 ⊕ 〈−2d〉) by lifting
Jacobi forms of half-integral index. For the theory of Jacobi forms of half integral index, the
reader is referred to [CG13], whose notation we follow throughout. Our constructions are based
on the Jacobi theta series θ(τ, z) and θ3/2(τ, z), which are defined by
θ(τ, z) =
∑
m∈Z
(
−4
m
)
qm
2/8rm/2
and
θ3/2(τ, z) =
∑
n∈Z
(
12
n
)
qn
2/24rn/2
where (
−4
m
)
=
{
±1 if m ≡ ±1 mod 4
0 if m ≡ 0 mod 2,
(
12
n
)
=

1 if n ≡ ±1 mod 12
−1 if n ≡ ±5 mod 12
0 if gcd(n, 12) 6= 1,
and q = e2πiτ , r = e2πiz for τ ∈ H+ and z ∈ C. The series θ(τ, z) belongs to J 1
2
,A1;
1
2
(v3η × νH)
and θ3/2(τ, z) ∈ J1/2,A1;3/2(vη × νH) [CG13]. The two factors of the characters vη × νH and
v3η × νH are given by a multiplier system of the Dedekind η-function, denoted νH , and a binary
character of the integral Heisenberg group, denoted by νH . The character νH is defined by
νH([x, y; r]) = (−1)
x+y+xy+r for [x, y; r] ∈ H(Z) = H(A1), x, y, r ∈ Z. As in [GH98], we let
θa := θ(τ, az) and (θ3/2)a := θ3/2(τ, az) for a ∈ N.
Proposition 10.1. If ϕ1 = (θ3/2)a(θ3/2)b(θ3/2)c ∈ J 3
2
,A1;
3
2
(a2+b2+c2)(χ1) and ϕ2 = θ
3 ∈ J 3
2
,A1;
3
2
(χ2),
then the form ϕ := Lift1(φ1 ⊗ φ2), where Liftµ is the lifting of Jacobi forms defined in [CG13],
belongs to S3(O˜
+
(2U ⊕〈−6〉⊕ 〈−2d〉), id) where d = 3(a2+ b2+ c2) and a, b, c are non-negative
integers satisfying ((a, b, c)−3abc, 6) 6= 1.
Proof. If ((a, b, c)−3abc, 6) 6= 1 then, by Lemma 1.2 of [GH98], the form
ϕ1 ∈ J
cusp
3
2
,A1;
3
2
(a2+b2+c2)
(v3η × ν
a+b+c
H ),
and, by definition of θ,
ϕ2 ∈ J 3
2
,A1;
3
2
(v9η × νH).
Therefore, by Proposition 2.3 and Proposition 2.5 of [CG13], the tensor product
ϕ1 ⊗ ϕ2 ∈ J
cusp
3,〈6〉⊕〈6d〉, 1
2
(v12η × ν
a+b+c+1
H )
where d = a2+b2+c2. As the conductor Q = 2 and Qt = 1 then, by Theorem 3.2 of [CG13], the
form ϕ = Lift1(ϕ1 ⊗ ϕ2) ∈ M3(O˜
+
(L), id), where L = 2U ⊕ 〈−6〉 ⊕ 〈−6d〉. Moreover, as we fix
µ = 1 in the lifting data, then (as explained on p.207 of [CG13]), the lifted form ϕ is non-zero.
We next show that the lifted form ϕ is a cusp form by studying the Siegel operator ΦE at
each rational boundary curve of DL. Let E ⊂ L⊗C be a totally isotropic subspace of dimension
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2 with basis u1, u2. As in Lemma 2.24 of [GHS07b], the basis u1, u2 of E ⊗Q can be extended
to a basis u1, . . . , u6 of L⊗Q so that the Gram matrix Q = ((ui, uj)) assumes the form
(61) Q =
0 0 A0 B 0
A 0 0

where
A =
(
a1 0
0 a1a2
)
for some a1, a2 ∈ Z.
As in Section 5.2, express DL as a tube domain (where u1, u2 define b, c) with coordinates
(τ, w, ω) ∈ H+ ×C2 ×H+ ⊂ Lc,b ⊗C. If (as in the proof of Theorem 3.2 of [CG13]) the Fourier
expansion of ϕ is given by
ϕ1 ⊗ ϕ2(τ, w) =
∑
n≡1 mod 2,n≥0
l∈L∨0
n
2
−(l,l)≥0
f(n/2, l)e2πi(nτ/2+(l,w))
where L0 = 〈−6〉 ⊕ 〈−6d〉, then the Fourier expansion of ϕ is given by
(62) ϕ(τ, w, ω) =
∑
m,n≡1 mod 2
m,n≥1
l∈ 1
2
L∨0
nm/2−(l,l)≥0
 ∑
a|(n,l,m)
a2v12ν (σa)f
(
nm
2a2
,
l
2
) e2πi(nτ/2+(al,w)+mω/2).
The Siegel operator ΦE at E associates ϕ with an elliptic modular form for some congruence
subgroup of SL(2,Z) defined by
(ΦEϕ)(τ) := limt→∞ ϕ(τ, w, iω).
Therefore, for (62),
ϕ(τ, w, ω) =
∑
n≡1 mod 2
n≥1
∑
a|n
a2v12ν (σa)f(0, 0)
 e2πinτ/2.
Therefore, as ϕ1 ⊗ ϕ2 is a cusp form, then f(0, 0) = 0 and so ΦEϕ ≡ 0.
If u′1 := a
−1
1 , u
′
2 := (a1a2)
−1u2, then the Gram matrix of u′1, u
′
2, . . . , u6 is given by
Q′ =
 0 0 I20 B 0
I2 0 0

Therefore, by considering the subspace spanned by u′1, u
′
2, u5, u6, and applying Witt’s Lemma
(p. 21 of [Cas78], for example) the group O(L⊗Q) acts transitively on the 2-dimensional totally
isotropic subspaces of L⊗Q. As the Siegel operator satisfies the property
ΦE(ϕ) = ΦgE(ϕ) ◦ g
for g ∈ O(L⊗Q) (p. 551 [BB66]), then ΦE(ϕ) vanishes on all boundary components. Therefore,
ϕ is a cusp form for O˜
+
(2U ⊕ 〈−6〉 ⊕ 〈−2d〉). 
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11. General type results
In this section, we prove general type results for the spaces F2d and K2d.
Theorem 11.1. If there exists a non-trivial cusp form in Sa(Γ) for a = 2 or 3, then F2d is of
general type whenever the pair (a, d) satisfy the conditions of Proposition 9.12 or 9.13.
Proof. Let k = 4k′ for k′ ∈ N and let F˜2d(Γ) be the resolution of singularities of F2d(Γ) described
in Section 6. If d satisfies Proposition 9.12 or Proposition 9.13 then there exists a non-trivial
Fk ∈M
ref
k (Γ). Let F := F
k
3 Fk and let Ω(F ) = Fω
⊗k where ω is a holomorphic volume form on
DL.
By p. 292 of [AMRT10], Ω(F ) ∈ H0(F ′2d, kK)
G where G = Γ/Γ′ and so descends to Ω(F ) ∈
H0(F˜2d, kK+
∑
aiSi+k
∑
Rj) where Si are the exceptional divisors of the resolution F˜2d → F2d,
and Rj is the closure of the branch divisor of F2d.
By construction, F vanishes to order k along each Ri and so Ω(F ) ∈ H
0(F˜2d, kK +
∑
aiDi+∑
bjEj) where Ej are exceptional divisors above non-canonical singularities in F2d, and Di
lie above singularities in the boundary. (By Corollary 2.21 of [GHS07b], there are no branch
divisors in the boundary of F2d.)
In order to show that Ω(F ) extends to the resolution at the boundary of F2d, we can use
an idea of Sankaran in [San97] and a result of Tai [Tai82]. Consider a divisor Di obtained by
resolving F2d in a neighbourhood U of a singular point. Suppose that U is isomorphic to C
4/H
for H ⊂ GL(4,C) and, for h ∈ H, let Zh = C
4/〈h〉, and X(σh) be the the realisation of Zh as a
toric variety. Obtain a resolution Z˜h → Zh by subdividing the cone σh and suppose z1 = 0 is a
local equation for the exceptional component E where z1 = t
b1
1 . . . t
b4
4 for coordinates t1, . . . , t4
on the torus T ⊂ U(σh).
As Zh is defined by the embedding tj = e
2πixjτj for xj ∈ Q and coordinates τj on C
4,
then ∂z1/∂τj = 2πibjz1. Therefore, the Jacobian J
−1 = det(∂zi/∂τj) is of at most degree 1
in z1. Therefore, vE(J
2) ≥ −2. As F3 is a cusp form, vE(F3) > 0 and so vE(F
4
3 J
2) ≥ 1.
Therefore, F 43ω
⊗3 ∈ H0(Z˜h, 3K−E). On the other hand, Fnω⊗k
′
∈ H0(Z˜h, k
′K−αE). As cyclic
quotient singularities are log-terminal [Cle88], α ≥ −1. Therefore, (F 43 ω
⊗3)⊗k′ ⊗ (Fkω⊗k
′
) ∈
H0(Z˜h, kK). By Proposition 3.1 of [Tai82], a H-invariant pluricanonical form η on C
n extends
to a desingularisation of Cn/H if and only if it extends to a desingularisation Cn/〈h〉 for each
h ∈ H and so Ω ∈ H0(F˜2d, kK +
∑
bjEj).
By an identical argument, the form Ω(F ) extends over a resolution of singularities lying above
the branch divisor of F2d.
As in Section 6, if L = kK +
∑
aiEi, then twisting O(L) by the short exact sequence
0→ O(−Ei)→ O → O|Ei → 0
induces the long exact sequence
(63) 0→ H0(F˜2d,L)→ H
0(F˜2d,L − Ei)→ H
0(Ei,L|Ei)→ . . . .
In the notation of Proposition 6.2, each Ei is isomorphic to V (v8) or V (v10). Therefore, by
repeated application of (63) and by using Proposition 6.2,
h0(F˜2d, kK) ≥ h
0(F˜2d,L)− c1
k∑
i=0
h0(V (v8), kL1(i/3)) − c2
k∑
j=0
h0(V (v10), kL2(j/3))
and the result follows. 
Theorem 11.2. The modular variety F2d(Γ) is of general type for d of the form 3(a
2+ b2+ c2)
for a, b, c ∈ Z satisfying (abc/(a, b, c)3 , 6) = 1 when d > 252288 or when 1168 < d < 252289 and
d is not one of the values listed in Appendix II.
Proof. If ϕ is the modular form constructed in Proposition 10.1, then ϕ4 is a modular form for
Γ and the result follows from the proof of Theorem 11.1 
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Theorem 11.3. The moduli K2d of deformation generalised Kummer fourfolds with polarisation
of split type and degree 2d is of general type whenever F2d is.
Proof. Theorem 11.2 and Theorem 3.10 of [GHS13]. 
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13. Appendix I
If 88 < d < 18505 does not belong to the following list, then M ref2k (Γ) is non-trivial for k ≫ 0.
18504, 18432, 18360, 18288, 18216, 18144, 18072, 18000, 17928, 17856, 17784, 17712, 17640,
17568, 17496, 17424, 17352, 17280, 17208, 17136, 17064, 16992, 16920, 16848, 16776, 16704,
16632, 16560, 16488, 16416, 16344, 16272, 16200, 16128, 16056, 15984, 15912, 15840, 15768,
15696, 15624, 15552, 15480, 15408, 15336, 15264, 15192, 15120, 15048, 14976, 14904, 14832,
14760, 14688, 14616, 14544, 14472, 14400, 14328, 14256, 14184, 14112, 14040, 13968, 13896,
13824, 13752, 13680, 13608, 13536, 13464, 13392, 13320, 13248, 13176, 13104, 13032, 12960,
12888, 12816, 12744, 12672, 12600, 12528, 12456, 12384, 12312, 12240, 12168, 12096, 12024,
11952, 11880, 11808, 11736, 11664, 11592, 11520, 11448, 11376, 11304, 11232, 11160, 11088,
11016, 10944, 10872, 10800, 10728, 10656, 10584, 10512, 10440, 10368, 10296, 10224, 10152,
10080, 10008, 9936, 9864, 9792, 9720, 9648, 9576, 9504, 9432, 9360, 9288, 9216, 9144, 9072,
9000, 8928, 8856, 8784, 8712, 8640, 8568, 8496, 8424, 8352, 8280, 8208, 8184, 8160, 8136, 8112,
8088, 8064, 8040, 8016, 7992, 7968, 7944, 7920, 7896, 7872, 7848, 7824, 7800, 7776, 7752, 7728,
7704, 7680, 7656, 7632, 7608, 7584, 7560, 7536, 7512, 7488, 7464, 7440, 7416, 7392, 7368, 7344,
7320, 7296, 7272, 7248, 7224, 7200, 7176, 7152, 7128, 7104, 7080, 7056, 7032, 7008, 6984, 6960,
6936, 6912, 6888, 6864, 6840, 6816, 6792, 6768, 6744, 6720, 6696, 6672, 6648, 6624, 6600, 6576,
6552, 6528, 6504, 6480, 6456, 6432, 6408, 6384, 6360, 6336, 6312, 6288, 6264, 6240, 6216, 6192,
6168, 6144, 6120, 6096, 6072, 6048, 6024, 6000, 5976, 5952, 5928, 5904, 5880, 5856, 5832, 5808,
5784, 5760, 5736, 5712, 5688, 5664, 5640, 5616, 5592, 5568, 5544, 5520, 5496, 5472, 5448, 5424,
5400, 5376, 5352, 5328, 5304, 5280, 5256, 5232, 5208, 5184, 5160, 5136, 5112, 5088, 5064, 5040,
5016, 4992, 4968, 4944, 4920, 4896, 4872, 4848, 4824, 4800, 4776, 4752, 4728, 4704, 4680, 4656,
4632, 4626, 4608, 4590, 4584, 4572, 4560, 4554, 4536, 4518, 4512, 4500, 4488, 4482, 4464, 4446,
4440, 4428, 4416, 4410, 4392, 4374, 4368, 4356, 4344, 4338, 4320, 4302, 4296, 4284, 4272, 4266,
4248, 4230, 4224, 4212, 4200, 4194, 4176, 4158, 4152, 4140, 4128, 4122, 4104, 4086, 4080, 4068,
4056, 4050, 4032, 4014, 4008, 3996, 3984, 3978, 3960, 3942, 3936, 3924, 3912, 3906, 3888, 3870,
3864, 3852, 3840, 3834, 3816, 3798, 3792, 3780, 3768, 3762, 3744, 3726, 3720, 3708, 3696, 3690,
3672, 3654, 3648, 3636, 3624, 3618, 3600, 3582, 3576, 3564, 3552, 3546, 3528, 3510, 3504, 3492,
3480, 3474, 3456, 3438, 3432, 3420, 3408, 3402, 3384, 3366, 3360, 3348, 3336, 3330, 3312, 3294,
3288, 3276, 3264, 3258, 3240, 3222, 3216, 3204, 3192, 3186, 3168, 3150, 3144, 3132, 3120, 3114,
3096, 3078, 3072, 3060, 3048, 3042, 3024, 3006, 3000, 2988, 2976, 2970, 2952, 2934, 2928, 2916,
2904, 2898, 2880, 2862, 2856, 2844, 2832, 2826, 2808, 2790, 2784, 2772, 2760, 2754, 2736, 2718,
2712, 2700, 2688, 2682, 2664, 2646, 2640, 2628, 2616, 2610, 2592, 2574, 2568, 2556, 2544, 2538,
2536, 2528, 2520, 2512, 2504, 2502, 2496, 2488, 2484, 2480, 2475, 2472, 2466, 2464, 2456, 2448,
2440, 2439, 2432, 2430, 2424, 2416, 2412, 2408, 2403, 2400, 2394, 2392, 2384, 2376, 2368, 2367,
2360, 2358, 2352, 2344, 2340, 2336, 2331, 2328, 2322, 2320, 2312, 2304, 2296, 2295, 2288, 2286,
2280, 2272, 2268, 2264, 2259, 2256, 2250, 2248, 2240, 2232, 2224, 2223, 2216, 2214, 2208, 2200,
2196, 2192, 2187, 2184, 2178, 2176, 2168, 2160, 2152, 2151, 2144, 2142, 2136, 2128, 2124, 2120,
2115, 2112, 2106, 2104, 2096, 2088, 2080, 2079, 2072, 2070, 2064, 2056, 2052, 2048, 2046, 2043,
2040, 2034, 2032, 2028, 2024, 2022, 2016, 2010, 2008, 2007, 2004, 2000, 1998, 1992, 1986, 1984,
1980, 1976, 1974, 1971, 1968, 1962, 1960, 1956, 1952, 1950, 1944, 1938, 1936, 1935, 1932, 1928,
1926, 1920, 1914, 1912, 1908, 1904, 1902, 1899, 1896, 1890, 1888, 1884, 1880, 1878, 1872, 1866,
1864, 1863, 1860, 1856, 1854, 1848, 1842, 1840, 1836, 1832, 1830, 1827, 1824, 1818, 1816, 1812,
1808, 1806, 1800, 1794, 1792, 1791, 1788, 1784, 1782, 1776, 1770, 1768, 1764, 1760, 1758, 1755,
1752, 1746, 1744, 1740, 1736, 1734, 1728, 1722, 1720, 1719, 1716, 1712, 1710, 1704, 1698, 1696,
1692, 1688, 1686, 1683, 1680, 1674, 1672, 1668, 1664, 1662, 1656, 1650, 1648, 1647, 1644, 1640,
1638, 1632, 1626, 1624, 1620, 1616, 1614, 1611, 1608, 1602, 1600, 1596, 1592, 1590, 1584, 1578,
1576, 1575, 1572, 1568, 1566, 1560, 1554, 1552, 1548, 1544, 1542, 1539, 1536, 1530, 1528, 1524,
1520, 1518, 1512, 1506, 1504, 1503, 1500, 1496, 1494, 1488, 1482, 1480, 1476, 1472, 1470, 1467,
1464, 1458, 1456, 1452, 1448, 1446, 1440, 1434, 1432, 1431, 1428, 1424, 1422, 1416, 1410, 1408,
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1404, 1400, 1398, 1395, 1392, 1386, 1384, 1380, 1376, 1374, 1368, 1362, 1360, 1359, 1356, 1352,
1350, 1344, 1338, 1336, 1332, 1328, 1326, 1323, 1320, 1314, 1312, 1308, 1304, 1302, 1296, 1290,
1288, 1287, 1284, 1280, 1278, 1272, 1266, 1264, 1260, 1256, 1254, 1251, 1248, 1242, 1240, 1236,
1232, 1230, 1224, 1218, 1216, 1215, 1212, 1208, 1206, 1200, 1194, 1192, 1188, 1184, 1182, 1179,
1176, 1170, 1168, 1164, 1160, 1158, 1152, 1146, 1144, 1143, 1140, 1136, 1134, 1128, 1122, 1120,
1116, 1112, 1110, 1107, 1104, 1098, 1096, 1095, 1092, 1088, 1086, 1083, 1080, 1074, 1072, 1071,
1068, 1064, 1062, 1059, 1056, 1050, 1048, 1047, 1044, 1040, 1038, 1035, 1032, 1026, 1024, 1023,
1020, 1016, 1014, 1011, 1008, 1002, 1000, 999, 996, 992, 990, 987, 984, 978, 976, 975, 972, 968,
966, 963, 960, 954, 952, 951, 948, 944, 942, 939, 936, 930, 928, 927, 924, 920, 918, 915, 912, 906,
904, 903, 900, 896, 894, 891, 888, 882, 880, 879, 876, 872, 870, 867, 864, 858, 856, 855, 852, 848,
846, 843, 840, 834, 832, 831, 828, 824, 822, 819, 816, 810, 808, 807, 804, 800, 798, 795, 792, 786,
784, 783, 780, 776, 774, 771, 768, 762, 760, 759, 756, 752, 750, 747, 744, 738, 736, 735, 732, 728,
726, 723, 720, 714, 712, 711, 708, 704, 702, 699, 696, 690, 688, 687, 684, 680, 678, 675, 672, 666,
664, 663, 660, 656, 654, 651, 648, 642, 640, 639, 636, 634, 632, 630, 628, 627, 626, 624, 622, 621,
620, 618, 616, 615, 614, 612, 610, 608, 606, 604, 603, 602, 600, 598, 596, 594, 592, 591, 590, 588,
586, 585, 584, 582, 580, 579, 578, 576, 574, 572, 570, 568, 567, 566, 564, 562, 560, 558, 556, 555,
554, 552, 550, 549, 548, 546, 544, 543, 542, 540, 538, 536, 534, 532, 531, 530, 528, 526, 524, 522,
520, 519, 518, 516, 514, 513, 512, 510, 508, 507, 506, 504, 502, 500, 498, 496, 495, 494, 492, 490,
488, 486, 484, 483, 482, 480, 478, 477, 476, 474, 472, 471, 470, 468, 466, 464, 462, 460, 459, 458,
456, 454, 452, 450, 448, 447, 446, 444, 442, 441, 440, 438, 436, 435, 434, 432, 430, 428, 426, 424,
423, 422, 420, 418, 416, 414, 412, 411, 410, 408, 406, 405, 404, 402, 400, 399, 398, 396, 394, 392,
390, 388, 387, 386, 384, 382, 380, 378, 376, 375, 374, 372, 370, 369, 368, 366, 364, 363, 362, 360,
358, 356, 354, 352, 351, 350, 348, 346, 344, 342, 340, 339, 338, 336, 335, 334, 333, 332, 331, 330,
328, 327, 326, 324, 323, 322, 320, 319, 318, 316, 315, 314, 312, 311, 310, 308, 307, 306, 304, 303,
302, 300, 299, 298, 297, 296, 295, 294, 292, 291, 290, 288, 287, 286, 284, 283, 282, 280, 279, 278,
276, 275, 274, 273, 272, 271, 270, 268, 267, 266, 264, 263, 262, 261, 260, 259, 258, 256, 255, 254,
252, 251, 250, 249, 248, 247, 246, 244, 243, 242, 240, 239, 238, 237, 236, 235, 234, 232, 231, 230,
228, 227, 226, 225, 224, 223, 222, 220, 219, 218, 216, 215, 214, 213, 212, 211, 210, 208, 207, 206,
204, 203, 202, 201, 200, 199, 198, 196, 195, 194, 192, 191, 190, 189, 188, 187, 186, 184, 183, 182,
180, 179, 178, 177, 176, 175, 174, 172, 171, 170, 168, 167, 166, 165, 164, 163, 162, 160, 159, 158,
156, 155, 154, 153, 152, 151, 150, 148, 147, 146, 144, 143, 142, 141, 140, 139, 138, 136, 135, 134,
132, 131, 130, 129, 128, 127, 126, 124, 123, 122, 120, 119, 118, 117, 116, 115, 114, 112, 111, 110,
108, 107, 106, 105, 104, 103, 102, 100, 99, 98, 96, 95, 94, 93, 92, 91, 90.
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14. Appendix II
If 1168 < d < 252289 does not belong to the following list, then M refk (Γ) is non-trivial for
k ≫ 0.
252288, 252216, 252144, 252072, 252000, 251928, 251856, 251784, 251712, 251640, 251568,
251496, 251424, 251352, 251280, 251208, 251136, 251064, 250992, 250920, 250848, 250776,
250704, 250632, 250560, 250488, 250416, 250344, 250272, 250200, 250128, 250056, 249984,
249912, 249840, 249768, 249696, 249624, 249552, 249480, 249408, 249336, 249264, 249192,
249120, 249048, 248976, 248904, 248832, 248760, 248688, 248616, 248544, 248472, 248400,
248328, 248256, 248184, 248112, 248040, 247968, 247896, 247824, 247752, 247680, 247608,
247536, 247464, 247392, 247320, 247248, 247176, 247104, 247032, 246960, 246888, 246816,
246744, 246672, 246600, 246528, 246456, 246384, 246312, 246240, 246168, 246096, 246024,
245952, 245880, 245808, 245736, 245664, 245592, 245520, 245448, 245376, 245304, 245232,
245160, 245088, 245016, 244944, 244872, 244800, 244728, 244656, 244584, 244512, 244440,
244368, 244296, 244224, 244152, 244080, 244008, 243936, 243864, 243792, 243720, 243648,
243576, 243504, 243432, 243360, 243288, 243216, 243144, 243072, 243000, 242928, 242856,
242784, 242712, 242640, 242568, 242496, 242424, 242352, 242280, 242208, 242136, 242064,
241992, 241920, 241848, 241776, 241704, 241632, 241560, 241488, 241416, 241344, 241272,
241200, 241128, 241056, 240984, 240912, 240840, 240768, 240696, 240624, 240552, 240480,
240408, 240336, 240264, 240192, 240120, 240048, 239976, 239904, 239832, 239760, 239688,
239616, 239544, 239472, 239400, 239328, 239256, 239184, 239112, 239040, 238968, 238896,
238824, 238752, 238680, 238608, 238536, 238464, 238392, 238320, 238248, 238176, 238104,
238032, 237960, 237888, 237816, 237744, 237672, 237600, 237528, 237456, 237384, 237312,
237240, 237168, 237096, 237024, 236952, 236880, 236808, 236736, 236664, 236592, 236520,
236448, 236376, 236304, 236232, 236160, 236088, 236016, 235944, 235872, 235800, 235728,
235656, 235584, 235512, 235440, 235368, 235296, 235224, 235152, 235080, 235008, 234936,
234864, 234792, 234720, 234648, 234576, 234504, 234432, 234360, 234288, 234216, 234144,
234072, 234000, 233928, 233856, 233784, 233712, 233640, 233568, 233496, 233424, 233352,
233280, 233208, 233136, 233064, 232992, 232920, 232848, 232776, 232704, 232632, 232560,
232488, 232416, 232344, 232272, 232200, 232128, 232056, 231984, 231912, 231840, 231768,
231696, 231624, 231552, 231480, 231408, 231336, 231264, 231192, 231120, 231048, 230976,
230904, 230832, 230760, 230688, 230616, 230544, 230472, 230400, 230328, 230256, 230184,
230112, 230040, 229968, 229896, 229824, 229752, 229680, 229608, 229536, 229464, 229392,
229320, 229248, 229176, 229104, 229032, 228960, 228888, 228816, 228744, 228672, 228600,
228528, 228456, 228384, 228312, 228240, 228168, 228096, 228024, 227952, 227880, 227808,
227736, 227664, 227592, 227520, 227448, 227376, 227304, 227232, 227160, 227088, 227016,
226944, 226872, 226800, 226728, 226656, 226584, 226512, 226440, 226368, 226296, 226224,
226152, 226080, 226008, 225936, 225864, 225792, 225720, 225648, 225576, 225504, 225432,
225360, 225288, 225216, 225144, 225072, 225000, 224928, 224856, 224784, 224712, 224640,
224568, 224496, 224424, 224352, 224280, 224208, 224136, 224064, 223992, 223920, 223848,
223776, 223704, 223632, 223560, 223488, 223416, 223344, 223272, 223200, 223128, 223056,
222984, 222912, 222840, 222768, 222696, 222624, 222552, 222480, 222408, 222336, 222264,
222192, 222120, 222048, 221976, 221904, 221832, 221760, 221688, 221616, 221544, 221472,
221400, 221328, 221256, 221184, 221112, 221040, 220968, 220896, 220824, 220752, 220680,
220608, 220536, 220464, 220392, 220320, 220248, 220176, 220104, 220032, 219960, 219888,
219816, 219744, 219672, 219600, 219528, 219456, 219384, 219312, 219240, 219168, 219096,
219024, 218952, 218880, 218808, 218736, 218664, 218592, 218520, 218448, 218376, 218304,
218232, 218160, 218088, 218016, 217944, 217872, 217800, 217728, 217656, 217584, 217512,
217440, 217368, 217296, 217224, 217152, 217080, 217008, 216936, 216864, 216792, 216720,
216648, 216576, 216504, 216432, 216360, 216288, 216216, 216144, 216072, 216000, 215928,
215856, 215784, 215712, 215640, 215568, 215496, 215424, 215352, 215280, 215208, 215136,
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215064, 214992, 214920, 214848, 214776, 214704, 214632, 214560, 214488, 214416, 214344,
214272, 214200, 214128, 214056, 213984, 213912, 213840, 213768, 213696, 213624, 213552,
213480, 213408, 213336, 213264, 213192, 213120, 213048, 212976, 212904, 212832, 212760,
212688, 212616, 212544, 212472, 212400, 212328, 212256, 212184, 212112, 212040, 211968,
211896, 211824, 211752, 211680, 211608, 211536, 211464, 211392, 211320, 211248, 211176,
211104, 211032, 210960, 210888, 210816, 210744, 210672, 210600, 210528, 210456, 210384,
210312, 210240, 210168, 210096, 210024, 209952, 209880, 209808, 209736, 209664, 209592,
209520, 209448, 209376, 209304, 209232, 209160, 209088, 209016, 208944, 208872, 208800,
208728, 208656, 208584, 208512, 208440, 208368, 208296, 208224, 208152, 208080, 208008,
207936, 207864, 207792, 207720, 207648, 207576, 207504, 207432, 207360, 207288, 207216,
207144, 207072, 207000, 206928, 206856, 206784, 206712, 206640, 206568, 206496, 206424,
206352, 206280, 206208, 206136, 206064, 205992, 205920, 205848, 205776, 205704, 205632,
205560, 205488, 205416, 205344, 205272, 205200, 205128, 205056, 204984, 204912, 204840,
204768, 204696, 204624, 204552, 204480, 204408, 204336, 204264, 204192, 204120, 204048,
203976, 203904, 203832, 203760, 203688, 203616, 203544, 203472, 203400, 203328, 203256,
203184, 203112, 203040, 202968, 202896, 202824, 202752, 202680, 202608, 202536, 202464,
202392, 202320, 202248, 202176, 202104, 202032, 201960, 201888, 201816, 201744, 201672,
201600, 201528, 201456, 201384, 201312, 201240, 201168, 201096, 201024, 200952, 200880,
200808, 200736, 200664, 200592, 200520, 200448, 200376, 200304, 200232, 200160, 200088,
200016, 199944, 199872, 199800, 199728, 199656, 199584, 199512, 199440, 199368, 199296,
199224, 199152, 199080, 199008, 198936, 198864, 198792, 198720, 198648, 198576, 198504,
198432, 198360, 198288, 198216, 198144, 198072, 198000, 197928, 197856, 197784, 197712,
197640, 197568, 197496, 197424, 197352, 197280, 197208, 197136, 197064, 196992, 196920,
196848, 196776, 196704, 196632, 196560, 196488, 196416, 196344, 196272, 196200, 196128,
196056, 195984, 195912, 195840, 195768, 195696, 195624, 195552, 195480, 195408, 195336,
195264, 195192, 195120, 195048, 194976, 194904, 194832, 194760, 194688, 194616, 194544,
194472, 194400, 194328, 194256, 194184, 194112, 194040, 193968, 193896, 193824, 193752,
193680, 193608, 193536, 193464, 193392, 193320, 193248, 193176, 193104, 193032, 192960,
192888, 192816, 192744, 192672, 192600, 192528, 192456, 192384, 192312, 192240, 192168,
192096, 192024, 191952, 191880, 191808, 191736, 191664, 191592, 191520, 191448, 191376,
191304, 191232, 191160, 191088, 191016, 190944, 190872, 190800, 190728, 190656, 190584,
190512, 190440, 190368, 190296, 190224, 190152, 190080, 190008, 189936, 189864, 189792,
189720, 189648, 189576, 189504, 189432, 189360, 189288, 189216, 189144, 189072, 189000,
188928, 188856, 188784, 188712, 188640, 188568, 188496, 188424, 188352, 188280, 188208,
188136, 188064, 187992, 187920, 187848, 187776, 187704, 187632, 187560, 187488, 187416,
187344, 187272, 187200, 187128, 187056, 186984, 186912, 186840, 186768, 186696, 186624,
186552, 186480, 186408, 186336, 186264, 186192, 186120, 186048, 185976, 185904, 185832,
185760, 185688, 185616, 185544, 185472, 185400, 185328, 185256, 185184, 185112, 185040,
184968, 184896, 184824, 184752, 184680, 184608, 184536, 184464, 184392, 184320, 184248,
184176, 184104, 184032, 183960, 183888, 183816, 183744, 183672, 183600, 183528, 183456,
183384, 183312, 183240, 183168, 183096, 183024, 182952, 182880, 182808, 182736, 182664,
182592, 182520, 182448, 182376, 182304, 182232, 182160, 182088, 182016, 181944, 181872,
181800, 181728, 181656, 181584, 181512, 181440, 181368, 181296, 181224, 181152, 181080,
181008, 180936, 180864, 180792, 180720, 180648, 180576, 180504, 180432, 180360, 180288,
180216, 180144, 180072, 180000, 179928, 179856, 179784, 179712, 179640, 179568, 179496,
179424, 179352, 179280, 179208, 179136, 179064, 178992, 178920, 178848, 178776, 178704,
178632, 178560, 178488, 178416, 178344, 178272, 178200, 178128, 178056, 177984, 177912,
177840, 177768, 177696, 177624, 177552, 177480, 177408, 177336, 177264, 177192, 177120,
177048, 176976, 176904, 176832, 176760, 176688, 176616, 176544, 176472, 176400, 176328,
176256, 176184, 176112, 176040, 175968, 175896, 175824, 175752, 175680, 175608, 175536,
175464, 175392, 175320, 175248, 175176, 175104, 175032, 174960, 174888, 174816, 174744,
174672, 174600, 174528, 174456, 174384, 174312, 174240, 174168, 174096, 174024, 173952,
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173880, 173808, 173736, 173664, 173592, 173520, 173448, 173376, 173304, 173232, 173160,
173088, 173016, 172944, 172872, 172800, 172728, 172656, 172584, 172512, 172440, 172368,
172296, 172224, 172152, 172080, 172008, 171936, 171864, 171792, 171720, 171648, 171576,
171504, 171432, 171360, 171288, 171216, 171144, 171072, 171000, 170928, 170856, 170784,
170712, 170640, 170568, 170496, 170424, 170352, 170280, 170208, 170136, 170064, 169992,
169920, 169848, 169776, 169704, 169632, 169560, 169488, 169416, 169344, 169272, 169200,
169128, 169056, 168984, 168912, 168840, 168768, 168696, 168624, 168552, 168480, 168408,
168336, 168264, 168192, 168120, 168048, 167976, 167904, 167832, 167760, 167688, 167616,
167544, 167472, 167400, 167328, 167256, 167184, 167112, 167040, 166968, 166896, 166824,
166752, 166680, 166608, 166536, 166464, 166392, 166320, 166248, 166176, 166104, 166032,
165960, 165888, 165816, 165744, 165672, 165600, 165528, 165456, 165384, 165312, 165240,
165168, 165096, 165024, 164952, 164880, 164808, 164736, 164664, 164592, 164520, 164448,
164376, 164304, 164232, 164160, 164088, 164016, 163944, 163872, 163800, 163728, 163656,
163584, 163512, 163440, 163368, 163296, 163224, 163152, 163080, 163008, 162936, 162864,
162792, 162720, 162648, 162576, 162504, 162432, 162360, 162288, 162216, 162144, 162072,
162000, 161928, 161856, 161784, 161712, 161640, 161568, 161496, 161424, 161352, 161280,
161208, 161136, 161064, 160992, 160920, 160848, 160776, 160704, 160632, 160560, 160488,
160416, 160344, 160272, 160200, 160128, 160056, 159984, 159912, 159840, 159768, 159696,
159624, 159552, 159480, 159408, 159336, 159264, 159192, 159120, 159048, 158976, 158904,
158832, 158760, 158688, 158616, 158544, 158472, 158400, 158328, 158256, 158184, 158112,
158040, 157968, 157896, 157824, 157752, 157680, 157608, 157536, 157464, 157392, 157320,
157248, 157176, 157104, 157032, 156960, 156888, 156816, 156744, 156672, 156600, 156528,
156456, 156384, 156312, 156240, 156168, 156096, 156024, 155952, 155880, 155808, 155736,
155664, 155592, 155520, 155448, 155376, 155304, 155232, 155160, 155088, 155016, 154944,
154872, 154800, 154728, 154656, 154584, 154512, 154440, 154368, 154296, 154224, 154152,
154080, 154008, 153936, 153864, 153792, 153720, 153648, 153576, 153504, 153432, 153360,
153288, 153216, 153144, 153072, 153000, 152928, 152856, 152784, 152712, 152640, 152568,
152496, 152424, 152352, 152280, 152208, 152136, 152064, 151992, 151920, 151848, 151776,
151704, 151632, 151560, 151488, 151416, 151344, 151272, 151200, 151128, 151056, 150984,
150912, 150840, 150768, 150696, 150624, 150552, 150480, 150408, 150336, 150264, 150192,
150120, 150048, 149976, 149904, 149832, 149760, 149688, 149616, 149544, 149472, 149400,
149328, 149256, 149184, 149112, 149040, 148968, 148896, 148824, 148752, 148680, 148608,
148536, 148464, 148392, 148320, 148248, 148176, 148104, 148032, 147960, 147888, 147816,
147744, 147672, 147600, 147528, 147456, 147384, 147312, 147240, 147168, 147096, 147024,
146952, 146880, 146808, 146736, 146664, 146592, 146520, 146448, 146376, 146304, 146232,
146160, 146088, 146016, 145944, 145872, 145800, 145728, 145656, 145584, 145512, 145440,
145368, 145296, 145224, 145152, 145080, 145008, 144936, 144864, 144792, 144720, 144648,
144576, 144504, 144432, 144360, 144288, 144216, 144144, 144072, 144000, 143928, 143856,
143784, 143712, 143640, 143568, 143496, 143424, 143352, 143280, 143208, 143136, 143064,
142992, 142920, 142848, 142776, 142704, 142632, 142560, 142488, 142416, 142344, 142272,
142200, 142128, 142056, 141984, 141912, 141840, 141768, 141696, 141624, 141552, 141480,
141408, 141336, 141264, 141192, 141120, 141048, 140976, 140904, 140832, 140760, 140688,
140616, 140544, 140472, 140400, 140328, 140256, 140184, 140112, 140040, 139968, 139896,
139824, 139752, 139680, 139608, 139536, 139464, 139392, 139320, 139248, 139176, 139104,
139032, 138960, 138888, 138816, 138744, 138672, 138600, 138528, 138456, 138384, 138312,
138240, 138168, 138096, 138024, 137952, 137880, 137808, 137736, 137664, 137592, 137520,
137448, 137376, 137304, 137232, 137160, 137088, 137016, 136944, 136872, 136800, 136728,
136656, 136584, 136512, 136440, 136368, 136296, 136224, 136152, 136080, 136008, 135936,
135864, 135792, 135720, 135648, 135576, 135504, 135432, 135360, 135288, 135216, 135144,
135072, 135000, 134928, 134856, 134784, 134712, 134640, 134568, 134496, 134424, 134352,
134280, 134208, 134136, 134064, 133992, 133920, 133848, 133776, 133704, 133632, 133560,
133488, 133416, 133344, 133272, 133200, 133128, 133056, 132984, 132912, 132840, 132768,
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132696, 132624, 132552, 132480, 132408, 132336, 132264, 132192, 132120, 132048, 131976,
131904, 131832, 131760, 131688, 131616, 131544, 131472, 131400, 131328, 131256, 131184,
131112, 131040, 130968, 130896, 130824, 130752, 130680, 130608, 130536, 130464, 130392,
130320, 130248, 130176, 130104, 130032, 129960, 129888, 129816, 129744, 129672, 129600,
129528, 129456, 129384, 129312, 129240, 129168, 129096, 129024, 128952, 128880, 128808,
128736, 128664, 128592, 128520, 128448, 128376, 128304, 128232, 128160, 128088, 128016,
127944, 127872, 127800, 127728, 127656, 127584, 127512, 127440, 127368, 127296, 127224,
127152, 127080, 127008, 126936, 126864, 126792, 126720, 126648, 126576, 126504, 126432,
126360, 126288, 126216, 126144, 126072, 126000, 125928, 125856, 125784, 125712, 125640,
125568, 125496, 125424, 125352, 125280, 125208, 125136, 125064, 124992, 124920, 124848,
124776, 124704, 124632, 124560, 124488, 124416, 124344, 124272, 124200, 124128, 124056,
123984, 123912, 123840, 123768, 123696, 123624, 123552, 123480, 123408, 123336, 123264,
123192, 123120, 123048, 122976, 122904, 122832, 122760, 122688, 122616, 122544, 122472,
122400, 122328, 122256, 122184, 122112, 122040, 121968, 121896, 121824, 121752, 121680,
121608, 121536, 121464, 121392, 121320, 121248, 121176, 121104, 121032, 120960, 120888,
120816, 120744, 120672, 120600, 120528, 120456, 120384, 120312, 120240, 120168, 120096,
120024, 119952, 119880, 119808, 119736, 119664, 119592, 119520, 119448, 119376, 119304,
119232, 119160, 119088, 119016, 118944, 118872, 118800, 118728, 118656, 118584, 118512,
118440, 118368, 118296, 118224, 118152, 118080, 118008, 117936, 117864, 117792, 117720,
117648, 117576, 117504, 117432, 117360, 117288, 117216, 117144, 117072, 117000, 116928,
116856, 116784, 116712, 116640, 116568, 116496, 116424, 116352, 116280, 116208, 116136,
116064, 115992, 115920, 115848, 115776, 115704, 115632, 115560, 115488, 115416, 115344,
115272, 115200, 115128, 115056, 114984, 114912, 114840, 114768, 114696, 114624, 114552,
114480, 114408, 114336, 114264, 114192, 114120, 114048, 113976, 113904, 113832, 113760,
113688, 113616, 113544, 113472, 113400, 113328, 113256, 113184, 113112, 113040, 112968,
112896, 112824, 112752, 112680, 112608, 112536, 112464, 112392, 112320, 112248, 112176,
112128, 112104, 112080, 112056, 112032, 112008, 111984, 111960, 111936, 111912, 111888,
111864, 111840, 111816, 111792, 111768, 111744, 111720, 111696, 111672, 111648, 111624,
111600, 111576, 111552, 111528, 111504, 111480, 111456, 111432, 111408, 111384, 111360,
111336, 111312, 111288, 111264, 111240, 111216, 111192, 111168, 111144, 111120, 111096,
111072, 111048, 111024, 111000, 110976, 110952, 110928, 110904, 110880, 110856, 110832,
110808, 110784, 110760, 110736, 110712, 110688, 110664, 110640, 110616, 110592, 110568,
110544, 110520, 110496, 110472, 110448, 110424, 110400, 110376, 110352, 110328, 110304,
110280, 110256, 110232, 110208, 110184, 110160, 110136, 110112, 110088, 110064, 110040,
110016, 109992, 109968, 109944, 109920, 109896, 109872, 109848, 109824, 109800, 109776,
109752, 109728, 109704, 109680, 109656, 109632, 109608, 109584, 109560, 109536, 109512,
109488, 109464, 109440, 109416, 109392, 109368, 109344, 109320, 109296, 109272, 109248,
109224, 109200, 109176, 109152, 109128, 109104, 109080, 109056, 109032, 109008, 108984,
108960, 108936, 108912, 108888, 108864, 108840, 108816, 108792, 108768, 108744, 108720,
108696, 108672, 108648, 108624, 108600, 108576, 108552, 108528, 108504, 108480, 108456,
108432, 108408, 108384, 108360, 108336, 108312, 108288, 108264, 108240, 108216, 108192,
108168, 108144, 108120, 108096, 108072, 108048, 108024, 108000, 107976, 107952, 107928,
107904, 107880, 107856, 107832, 107808, 107784, 107760, 107736, 107712, 107688, 107664,
107640, 107616, 107592, 107568, 107544, 107520, 107496, 107472, 107448, 107424, 107400,
107376, 107352, 107328, 107304, 107280, 107256, 107232, 107208, 107184, 107160, 107136,
107112, 107088, 107064, 107040, 107016, 106992, 106968, 106944, 106920, 106896, 106872,
106848, 106824, 106800, 106776, 106752, 106728, 106704, 106680, 106656, 106632, 106608,
106584, 106560, 106536, 106512, 106488, 106464, 106440, 106416, 106392, 106368, 106344,
106320, 106296, 106272, 106248, 106224, 106200, 106176, 106152, 106128, 106104, 106080,
106056, 106032, 106008, 105984, 105960, 105936, 105912, 105888, 105864, 105840, 105816,
105792, 105768, 105744, 105720, 105696, 105672, 105648, 105624, 105600, 105576, 105552,
105528, 105504, 105480, 105456, 105432, 105408, 105384, 105360, 105336, 105312, 105288,
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105264, 105240, 105216, 105192, 105168, 105144, 105120, 105096, 105072, 105048, 105024,
105000, 104976, 104952, 104928, 104904, 104880, 104856, 104832, 104808, 104784, 104760,
104736, 104712, 104688, 104664, 104640, 104616, 104592, 104568, 104544, 104520, 104496,
104472, 104448, 104424, 104400, 104376, 104352, 104328, 104304, 104280, 104256, 104232,
104208, 104184, 104160, 104136, 104112, 104088, 104064, 104040, 104016, 103992, 103968,
103944, 103920, 103896, 103872, 103848, 103824, 103800, 103776, 103752, 103728, 103704,
103680, 103656, 103632, 103608, 103584, 103560, 103536, 103512, 103488, 103464, 103440,
103416, 103392, 103368, 103344, 103320, 103296, 103272, 103248, 103224, 103200, 103176,
103152, 103128, 103104, 103080, 103056, 103032, 103008, 102984, 102960, 102936, 102912,
102888, 102864, 102840, 102816, 102792, 102768, 102744, 102720, 102696, 102672, 102648,
102624, 102600, 102576, 102552, 102528, 102504, 102480, 102456, 102432, 102408, 102384,
102360, 102336, 102312, 102288, 102264, 102240, 102216, 102192, 102168, 102144, 102120,
102096, 102072, 102048, 102024, 102000, 101976, 101952, 101928, 101904, 101880, 101856,
101832, 101808, 101784, 101760, 101736, 101712, 101688, 101664, 101640, 101616, 101592,
101568, 101544, 101520, 101496, 101472, 101448, 101424, 101400, 101376, 101352, 101328,
101304, 101280, 101256, 101232, 101208, 101184, 101160, 101136, 101112, 101088, 101064,
101040, 101016, 100992, 100968, 100944, 100920, 100896, 100872, 100848, 100824, 100800,
100776, 100752, 100728, 100704, 100680, 100656, 100632, 100608, 100584, 100560, 100536,
100512, 100488, 100464, 100440, 100416, 100392, 100368, 100344, 100320, 100296, 100272,
100248, 100224, 100200, 100176, 100152, 100128, 100104, 100080, 100056, 100032, 100008,
99984, 99960, 99936, 99912, 99888, 99864, 99840, 99816, 99792, 99768, 99744, 99720, 99696,
99672, 99648, 99624, 99600, 99576, 99552, 99528, 99504, 99480, 99456, 99432, 99408, 99384,
99360, 99336, 99312, 99288, 99264, 99240, 99216, 99192, 99168, 99144, 99120, 99096, 99072,
99048, 99024, 99000, 98976, 98952, 98928, 98904, 98880, 98856, 98832, 98808, 98784, 98760,
98736, 98712, 98688, 98664, 98640, 98616, 98592, 98568, 98544, 98520, 98496, 98472, 98448,
98424, 98400, 98376, 98352, 98328, 98304, 98280, 98256, 98232, 98208, 98184, 98160, 98136,
98112, 98088, 98064, 98040, 98016, 97992, 97968, 97944, 97920, 97896, 97872, 97848, 97824,
97800, 97776, 97752, 97728, 97704, 97680, 97656, 97632, 97608, 97584, 97560, 97536, 97512,
97488, 97464, 97440, 97416, 97392, 97368, 97344, 97320, 97296, 97272, 97248, 97224, 97200,
97176, 97152, 97128, 97104, 97080, 97056, 97032, 97008, 96984, 96960, 96936, 96912, 96888,
96864, 96840, 96816, 96792, 96768, 96744, 96720, 96696, 96672, 96648, 96624, 96600, 96576,
96552, 96528, 96504, 96480, 96456, 96432, 96408, 96384, 96360, 96336, 96312, 96288, 96264,
96240, 96216, 96192, 96168, 96144, 96120, 96096, 96072, 96048, 96024, 96000, 95976, 95952,
95928, 95904, 95880, 95856, 95832, 95808, 95784, 95760, 95736, 95712, 95688, 95664, 95640,
95616, 95592, 95568, 95544, 95520, 95496, 95472, 95448, 95424, 95400, 95376, 95352, 95328,
95304, 95280, 95256, 95232, 95208, 95184, 95160, 95136, 95112, 95088, 95064, 95040, 95016,
94992, 94968, 94944, 94920, 94896, 94872, 94848, 94824, 94800, 94776, 94752, 94728, 94704,
94680, 94656, 94632, 94608, 94584, 94560, 94536, 94512, 94488, 94464, 94440, 94416, 94392,
94368, 94344, 94320, 94296, 94272, 94248, 94224, 94200, 94176, 94152, 94128, 94104, 94080,
94056, 94032, 94008, 93984, 93960, 93936, 93912, 93888, 93864, 93840, 93816, 93792, 93768,
93744, 93720, 93696, 93672, 93648, 93624, 93600, 93576, 93552, 93528, 93504, 93480, 93456,
93432, 93408, 93384, 93360, 93336, 93312, 93288, 93264, 93240, 93216, 93192, 93168, 93144,
93120, 93096, 93072, 93048, 93024, 93000, 92976, 92952, 92928, 92904, 92880, 92856, 92832,
92808, 92784, 92760, 92736, 92712, 92688, 92664, 92640, 92616, 92592, 92568, 92544, 92520,
92496, 92472, 92448, 92424, 92400, 92376, 92352, 92328, 92304, 92280, 92256, 92232, 92208,
92184, 92160, 92136, 92112, 92088, 92064, 92040, 92016, 91992, 91968, 91944, 91920, 91896,
91872, 91848, 91824, 91800, 91776, 91752, 91728, 91704, 91680, 91656, 91632, 91608, 91584,
91560, 91536, 91512, 91488, 91464, 91440, 91416, 91392, 91368, 91344, 91320, 91296, 91272,
91248, 91224, 91200, 91176, 91152, 91128, 91104, 91080, 91056, 91032, 91008, 90984, 90960,
90936, 90912, 90888, 90864, 90840, 90816, 90792, 90768, 90744, 90720, 90696, 90672, 90648,
90624, 90600, 90576, 90552, 90528, 90504, 90480, 90456, 90432, 90408, 90384, 90360, 90336,
90312, 90288, 90264, 90240, 90216, 90192, 90168, 90144, 90120, 90096, 90072, 90048, 90024,
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90000, 89976, 89952, 89928, 89904, 89880, 89856, 89832, 89808, 89784, 89760, 89736, 89712,
89688, 89664, 89640, 89616, 89592, 89568, 89544, 89520, 89496, 89472, 89448, 89424, 89400,
89376, 89352, 89328, 89304, 89280, 89256, 89232, 89208, 89184, 89160, 89136, 89112, 89088,
89064, 89040, 89016, 88992, 88968, 88944, 88920, 88896, 88872, 88848, 88824, 88800, 88776,
88752, 88728, 88704, 88680, 88656, 88632, 88608, 88584, 88560, 88536, 88512, 88488, 88464,
88440, 88416, 88392, 88368, 88344, 88320, 88296, 88272, 88248, 88224, 88200, 88176, 88152,
88128, 88104, 88080, 88056, 88032, 88008, 87984, 87960, 87936, 87912, 87888, 87864, 87840,
87816, 87792, 87768, 87744, 87720, 87696, 87672, 87648, 87624, 87600, 87576, 87552, 87528,
87504, 87480, 87456, 87432, 87408, 87384, 87360, 87336, 87312, 87288, 87264, 87240, 87216,
87192, 87168, 87144, 87120, 87096, 87072, 87048, 87024, 87000, 86976, 86952, 86928, 86904,
86880, 86856, 86832, 86808, 86784, 86760, 86736, 86712, 86688, 86664, 86640, 86616, 86592,
86568, 86544, 86520, 86496, 86472, 86448, 86424, 86400, 86376, 86352, 86328, 86304, 86280,
86256, 86232, 86208, 86184, 86160, 86136, 86112, 86088, 86064, 86040, 86016, 85992, 85968,
85944, 85920, 85896, 85872, 85848, 85824, 85800, 85776, 85752, 85728, 85704, 85680, 85656,
85632, 85608, 85584, 85560, 85536, 85512, 85488, 85464, 85440, 85416, 85392, 85368, 85344,
85320, 85296, 85272, 85248, 85224, 85200, 85176, 85152, 85128, 85104, 85080, 85056, 85032,
85008, 84984, 84960, 84936, 84912, 84888, 84864, 84840, 84816, 84792, 84768, 84744, 84720,
84696, 84672, 84648, 84624, 84600, 84576, 84552, 84528, 84504, 84480, 84456, 84432, 84408,
84384, 84360, 84336, 84312, 84288, 84264, 84240, 84216, 84192, 84168, 84144, 84120, 84096,
84072, 84048, 84024, 84000, 83976, 83952, 83928, 83904, 83880, 83856, 83832, 83808, 83784,
83760, 83736, 83712, 83688, 83664, 83640, 83616, 83592, 83568, 83544, 83520, 83496, 83472,
83448, 83424, 83400, 83376, 83352, 83328, 83304, 83280, 83256, 83232, 83208, 83184, 83160,
83136, 83112, 83088, 83064, 83040, 83016, 82992, 82968, 82944, 82920, 82896, 82872, 82848,
82824, 82800, 82776, 82752, 82728, 82704, 82680, 82656, 82632, 82608, 82584, 82560, 82536,
82512, 82488, 82464, 82440, 82416, 82392, 82368, 82344, 82320, 82296, 82272, 82248, 82224,
82200, 82176, 82152, 82128, 82104, 82080, 82056, 82032, 82008, 81984, 81960, 81936, 81912,
81888, 81864, 81840, 81816, 81792, 81768, 81744, 81720, 81696, 81672, 81648, 81624, 81600,
81576, 81552, 81528, 81504, 81480, 81456, 81432, 81408, 81384, 81360, 81336, 81312, 81288,
81264, 81240, 81216, 81192, 81168, 81144, 81120, 81096, 81072, 81048, 81024, 81000, 80976,
80952, 80928, 80904, 80880, 80856, 80832, 80808, 80784, 80760, 80736, 80712, 80688, 80664,
80640, 80616, 80592, 80568, 80544, 80520, 80496, 80472, 80448, 80424, 80400, 80376, 80352,
80328, 80304, 80280, 80256, 80232, 80208, 80184, 80160, 80136, 80112, 80088, 80064, 80040,
80016, 79992, 79968, 79944, 79920, 79896, 79872, 79848, 79824, 79800, 79776, 79752, 79728,
79704, 79680, 79656, 79632, 79608, 79584, 79560, 79536, 79512, 79488, 79464, 79440, 79416,
79392, 79368, 79344, 79320, 79296, 79272, 79248, 79224, 79200, 79176, 79152, 79128, 79104,
79080, 79056, 79032, 79008, 78984, 78960, 78936, 78912, 78888, 78864, 78840, 78816, 78792,
78768, 78744, 78720, 78696, 78672, 78648, 78624, 78600, 78576, 78552, 78528, 78504, 78480,
78456, 78432, 78408, 78384, 78360, 78336, 78312, 78288, 78264, 78240, 78216, 78192, 78168,
78144, 78120, 78096, 78072, 78048, 78024, 78000, 77976, 77952, 77928, 77904, 77880, 77856,
77832, 77808, 77784, 77760, 77736, 77712, 77688, 77664, 77640, 77616, 77592, 77568, 77544,
77520, 77496, 77472, 77448, 77424, 77400, 77376, 77352, 77328, 77304, 77280, 77256, 77232,
77208, 77184, 77160, 77136, 77112, 77088, 77064, 77040, 77016, 76992, 76968, 76944, 76920,
76896, 76872, 76848, 76824, 76800, 76776, 76752, 76728, 76704, 76680, 76656, 76632, 76608,
76584, 76560, 76536, 76512, 76488, 76464, 76440, 76416, 76392, 76368, 76344, 76320, 76296,
76272, 76248, 76224, 76200, 76176, 76152, 76128, 76104, 76080, 76056, 76032, 76008, 75984,
75960, 75936, 75912, 75888, 75864, 75840, 75816, 75792, 75768, 75744, 75720, 75696, 75672,
75648, 75624, 75600, 75576, 75552, 75528, 75504, 75480, 75456, 75432, 75408, 75384, 75360,
75336, 75312, 75288, 75264, 75240, 75216, 75192, 75168, 75144, 75120, 75096, 75072, 75048,
75024, 75000, 74976, 74952, 74928, 74904, 74880, 74856, 74832, 74808, 74784, 74760, 74736,
74712, 74688, 74664, 74640, 74616, 74592, 74568, 74544, 74520, 74496, 74472, 74448, 74424,
74400, 74376, 74352, 74328, 74304, 74280, 74256, 74232, 74208, 74184, 74160, 74136, 74112,
74088, 74064, 74040, 74016, 73992, 73968, 73944, 73920, 73896, 73872, 73848, 73824, 73800,
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73776, 73752, 73728, 73704, 73680, 73656, 73632, 73608, 73584, 73560, 73536, 73512, 73488,
73464, 73440, 73416, 73392, 73368, 73344, 73320, 73296, 73272, 73248, 73224, 73200, 73176,
73152, 73128, 73104, 73080, 73056, 73032, 73008, 72984, 72960, 72936, 72912, 72888, 72864,
72840, 72816, 72792, 72768, 72744, 72720, 72696, 72672, 72648, 72624, 72600, 72576, 72552,
72528, 72504, 72480, 72456, 72432, 72408, 72384, 72360, 72336, 72312, 72288, 72264, 72240,
72216, 72192, 72168, 72144, 72120, 72096, 72072, 72048, 72024, 72000, 71976, 71952, 71928,
71904, 71880, 71856, 71832, 71808, 71784, 71760, 71736, 71712, 71688, 71664, 71640, 71616,
71592, 71568, 71544, 71520, 71496, 71472, 71448, 71424, 71400, 71376, 71352, 71328, 71304,
71280, 71256, 71232, 71208, 71184, 71160, 71136, 71112, 71088, 71064, 71040, 71016, 70992,
70968, 70944, 70920, 70896, 70872, 70848, 70824, 70800, 70776, 70752, 70728, 70704, 70680,
70656, 70632, 70608, 70584, 70560, 70536, 70512, 70488, 70464, 70440, 70416, 70392, 70368,
70344, 70320, 70296, 70272, 70248, 70224, 70200, 70176, 70152, 70128, 70104, 70080, 70056,
70032, 70008, 69984, 69960, 69936, 69912, 69888, 69864, 69840, 69816, 69792, 69768, 69744,
69720, 69696, 69672, 69648, 69624, 69600, 69576, 69552, 69528, 69504, 69480, 69456, 69432,
69408, 69384, 69360, 69336, 69312, 69288, 69264, 69240, 69216, 69192, 69168, 69144, 69120,
69096, 69072, 69048, 69024, 69000, 68976, 68952, 68928, 68904, 68880, 68856, 68832, 68808,
68784, 68760, 68736, 68712, 68688, 68664, 68640, 68616, 68592, 68568, 68544, 68520, 68496,
68472, 68448, 68424, 68400, 68376, 68352, 68328, 68304, 68280, 68256, 68232, 68208, 68184,
68160, 68136, 68112, 68088, 68064, 68040, 68016, 67992, 67968, 67944, 67920, 67896, 67872,
67848, 67824, 67800, 67776, 67752, 67728, 67704, 67680, 67656, 67632, 67608, 67584, 67560,
67536, 67512, 67488, 67464, 67440, 67416, 67392, 67368, 67344, 67320, 67296, 67272, 67248,
67224, 67200, 67176, 67152, 67128, 67104, 67080, 67056, 67032, 67008, 66984, 66960, 66936,
66912, 66888, 66864, 66840, 66816, 66792, 66768, 66744, 66720, 66696, 66672, 66648, 66624,
66600, 66576, 66552, 66528, 66504, 66480, 66456, 66432, 66408, 66384, 66360, 66336, 66312,
66288, 66264, 66240, 66216, 66192, 66168, 66144, 66120, 66096, 66072, 66048, 66024, 66000,
65976, 65952, 65928, 65904, 65880, 65856, 65832, 65808, 65784, 65760, 65736, 65712, 65688,
65664, 65640, 65616, 65592, 65568, 65544, 65520, 65496, 65472, 65448, 65424, 65400, 65376,
65352, 65328, 65304, 65280, 65256, 65232, 65208, 65184, 65160, 65136, 65112, 65088, 65064,
65040, 65016, 64992, 64968, 64944, 64920, 64896, 64872, 64848, 64824, 64800, 64776, 64752,
64728, 64704, 64680, 64656, 64632, 64608, 64584, 64560, 64536, 64512, 64488, 64464, 64440,
64416, 64392, 64368, 64344, 64320, 64296, 64272, 64248, 64224, 64200, 64176, 64152, 64128,
64104, 64080, 64056, 64032, 64008, 63984, 63960, 63936, 63912, 63888, 63864, 63840, 63816,
63792, 63768, 63744, 63720, 63696, 63672, 63648, 63624, 63600, 63576, 63552, 63528, 63504,
63480, 63456, 63432, 63408, 63384, 63360, 63336, 63312, 63288, 63264, 63240, 63216, 63192,
63168, 63144, 63120, 63096, 63072, 63054, 63048, 63036, 63024, 63018, 63000, 62982, 62976,
62964, 62952, 62946, 62928, 62910, 62904, 62892, 62880, 62874, 62856, 62838, 62832, 62820,
62808, 62802, 62784, 62766, 62760, 62748, 62736, 62730, 62712, 62694, 62688, 62676, 62664,
62658, 62640, 62622, 62616, 62604, 62592, 62586, 62568, 62550, 62544, 62532, 62520, 62514,
62496, 62478, 62472, 62460, 62448, 62442, 62424, 62406, 62400, 62388, 62376, 62370, 62352,
62334, 62328, 62316, 62304, 62298, 62280, 62262, 62256, 62244, 62232, 62226, 62208, 62190,
62184, 62172, 62160, 62154, 62136, 62118, 62112, 62100, 62088, 62082, 62064, 62046, 62040,
62028, 62016, 62010, 61992, 61974, 61968, 61956, 61944, 61938, 61920, 61902, 61896, 61884,
61872, 61866, 61848, 61830, 61824, 61812, 61800, 61794, 61776, 61758, 61752, 61740, 61728,
61722, 61704, 61686, 61680, 61668, 61656, 61650, 61632, 61614, 61608, 61596, 61584, 61578,
61560, 61542, 61536, 61524, 61512, 61506, 61488, 61470, 61464, 61452, 61440, 61434, 61416,
61398, 61392, 61380, 61368, 61362, 61344, 61326, 61320, 61308, 61296, 61290, 61272, 61254,
61248, 61236, 61224, 61218, 61200, 61182, 61176, 61164, 61152, 61146, 61128, 61110, 61104,
61092, 61080, 61074, 61056, 61038, 61032, 61020, 61008, 61002, 60984, 60966, 60960, 60948,
60936, 60930, 60912, 60894, 60888, 60876, 60864, 60858, 60840, 60822, 60816, 60804, 60792,
60786, 60768, 60750, 60744, 60732, 60720, 60714, 60696, 60678, 60672, 60660, 60648, 60642,
60624, 60606, 60600, 60588, 60576, 60570, 60552, 60534, 60528, 60516, 60504, 60498, 60480,
60462, 60456, 60444, 60432, 60426, 60408, 60390, 60384, 60372, 60360, 60354, 60336, 60318,
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60312, 60300, 60288, 60282, 60264, 60246, 60240, 60228, 60216, 60210, 60192, 60174, 60168,
60156, 60144, 60138, 60120, 60102, 60096, 60084, 60072, 60066, 60048, 60030, 60024, 60012,
60000, 59994, 59976, 59958, 59952, 59940, 59928, 59922, 59904, 59886, 59880, 59868, 59856,
59850, 59832, 59814, 59808, 59796, 59784, 59778, 59760, 59742, 59736, 59724, 59712, 59706,
59688, 59670, 59664, 59652, 59640, 59634, 59616, 59598, 59592, 59580, 59568, 59562, 59544,
59526, 59520, 59508, 59496, 59490, 59472, 59454, 59448, 59436, 59424, 59418, 59400, 59382,
59376, 59364, 59352, 59346, 59328, 59310, 59304, 59292, 59280, 59274, 59256, 59238, 59232,
59220, 59208, 59202, 59184, 59166, 59160, 59148, 59136, 59130, 59112, 59094, 59088, 59076,
59064, 59058, 59040, 59022, 59016, 59004, 58992, 58986, 58968, 58950, 58944, 58932, 58920,
58914, 58896, 58878, 58872, 58860, 58848, 58842, 58824, 58806, 58800, 58788, 58776, 58770,
58752, 58734, 58728, 58716, 58704, 58698, 58680, 58662, 58656, 58644, 58632, 58626, 58608,
58590, 58584, 58572, 58560, 58554, 58536, 58518, 58512, 58500, 58488, 58482, 58464, 58446,
58440, 58428, 58416, 58410, 58392, 58374, 58368, 58356, 58344, 58338, 58320, 58302, 58296,
58284, 58272, 58266, 58248, 58230, 58224, 58212, 58200, 58194, 58176, 58158, 58152, 58140,
58128, 58122, 58104, 58086, 58080, 58068, 58056, 58050, 58032, 58014, 58008, 57996, 57984,
57978, 57960, 57942, 57936, 57924, 57912, 57906, 57888, 57870, 57864, 57852, 57840, 57834,
57816, 57798, 57792, 57780, 57768, 57762, 57744, 57726, 57720, 57708, 57696, 57690, 57672,
57654, 57648, 57636, 57624, 57618, 57600, 57582, 57576, 57564, 57552, 57546, 57528, 57510,
57504, 57492, 57480, 57474, 57456, 57438, 57432, 57420, 57408, 57402, 57384, 57366, 57360,
57348, 57336, 57330, 57312, 57294, 57288, 57276, 57264, 57258, 57240, 57222, 57216, 57204,
57192, 57186, 57168, 57150, 57144, 57132, 57120, 57114, 57096, 57078, 57072, 57060, 57048,
57042, 57024, 57006, 57000, 56988, 56976, 56970, 56952, 56934, 56928, 56916, 56904, 56898,
56880, 56862, 56856, 56844, 56832, 56826, 56808, 56790, 56784, 56772, 56760, 56754, 56736,
56718, 56712, 56700, 56688, 56682, 56664, 56646, 56640, 56628, 56616, 56610, 56592, 56574,
56568, 56556, 56544, 56538, 56520, 56502, 56496, 56484, 56472, 56466, 56448, 56430, 56424,
56412, 56400, 56394, 56376, 56358, 56352, 56340, 56328, 56322, 56304, 56286, 56280, 56268,
56256, 56250, 56232, 56214, 56208, 56196, 56184, 56178, 56160, 56142, 56136, 56124, 56112,
56106, 56088, 56070, 56064, 56052, 56040, 56034, 56016, 55998, 55992, 55980, 55968, 55962,
55944, 55926, 55920, 55908, 55896, 55890, 55872, 55854, 55848, 55836, 55824, 55818, 55800,
55782, 55776, 55764, 55752, 55746, 55728, 55710, 55704, 55692, 55680, 55674, 55656, 55638,
55632, 55620, 55608, 55602, 55584, 55566, 55560, 55548, 55536, 55530, 55512, 55494, 55488,
55476, 55464, 55458, 55440, 55422, 55416, 55404, 55392, 55386, 55368, 55350, 55344, 55332,
55320, 55314, 55296, 55278, 55272, 55260, 55248, 55242, 55224, 55206, 55200, 55188, 55176,
55170, 55152, 55134, 55128, 55116, 55104, 55098, 55080, 55062, 55056, 55044, 55032, 55026,
55008, 54990, 54984, 54972, 54960, 54954, 54936, 54918, 54912, 54900, 54888, 54882, 54864,
54846, 54840, 54828, 54816, 54810, 54792, 54774, 54768, 54756, 54744, 54738, 54720, 54702,
54696, 54684, 54672, 54666, 54648, 54630, 54624, 54612, 54600, 54594, 54576, 54558, 54552,
54540, 54528, 54522, 54504, 54486, 54480, 54468, 54456, 54450, 54432, 54414, 54408, 54396,
54384, 54378, 54360, 54342, 54336, 54324, 54312, 54306, 54288, 54270, 54264, 54252, 54240,
54234, 54216, 54198, 54192, 54180, 54168, 54162, 54144, 54126, 54120, 54108, 54096, 54090,
54072, 54054, 54048, 54036, 54024, 54018, 54000, 53982, 53976, 53964, 53952, 53946, 53928,
53910, 53904, 53892, 53880, 53874, 53856, 53838, 53832, 53820, 53808, 53802, 53784, 53766,
53760, 53748, 53736, 53730, 53712, 53694, 53688, 53676, 53664, 53658, 53640, 53622, 53616,
53604, 53592, 53586, 53568, 53550, 53544, 53532, 53520, 53514, 53496, 53478, 53472, 53460,
53448, 53442, 53424, 53406, 53400, 53388, 53376, 53370, 53352, 53334, 53328, 53316, 53304,
53298, 53280, 53262, 53256, 53244, 53232, 53226, 53208, 53190, 53184, 53172, 53160, 53154,
53136, 53118, 53112, 53100, 53088, 53082, 53064, 53046, 53040, 53028, 53016, 53010, 52992,
52974, 52968, 52956, 52944, 52938, 52920, 52902, 52896, 52884, 52872, 52866, 52848, 52830,
52824, 52812, 52800, 52794, 52776, 52758, 52752, 52740, 52728, 52722, 52704, 52686, 52680,
52668, 52656, 52650, 52632, 52614, 52608, 52596, 52584, 52578, 52560, 52542, 52536, 52524,
52512, 52506, 52488, 52470, 52464, 52452, 52440, 52434, 52416, 52398, 52392, 52380, 52368,
52362, 52344, 52326, 52320, 52308, 52296, 52290, 52272, 52254, 52248, 52236, 52224, 52218,
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52200, 52182, 52176, 52164, 52152, 52146, 52128, 52110, 52104, 52092, 52080, 52074, 52056,
52038, 52032, 52020, 52008, 52002, 51984, 51966, 51960, 51948, 51936, 51930, 51912, 51894,
51888, 51876, 51864, 51858, 51840, 51822, 51816, 51804, 51792, 51786, 51768, 51750, 51744,
51732, 51720, 51714, 51696, 51678, 51672, 51660, 51648, 51642, 51624, 51606, 51600, 51588,
51576, 51570, 51552, 51534, 51528, 51516, 51504, 51498, 51480, 51462, 51456, 51444, 51432,
51426, 51408, 51390, 51384, 51372, 51360, 51354, 51336, 51318, 51312, 51300, 51288, 51282,
51264, 51246, 51240, 51228, 51216, 51210, 51192, 51174, 51168, 51156, 51144, 51138, 51120,
51102, 51096, 51084, 51072, 51066, 51048, 51030, 51024, 51012, 51000, 50994, 50976, 50958,
50952, 50940, 50928, 50922, 50904, 50886, 50880, 50868, 50856, 50850, 50832, 50814, 50808,
50796, 50784, 50778, 50760, 50742, 50736, 50724, 50712, 50706, 50688, 50670, 50664, 50652,
50640, 50634, 50616, 50598, 50592, 50580, 50568, 50562, 50544, 50526, 50520, 50508, 50496,
50490, 50472, 50454, 50448, 50436, 50424, 50418, 50400, 50382, 50376, 50364, 50352, 50346,
50328, 50310, 50304, 50292, 50280, 50274, 50256, 50238, 50232, 50220, 50208, 50202, 50184,
50166, 50160, 50148, 50136, 50130, 50112, 50094, 50088, 50076, 50064, 50058, 50040, 50022,
50016, 50004, 49992, 49986, 49968, 49950, 49944, 49932, 49920, 49914, 49896, 49878, 49872,
49860, 49848, 49842, 49824, 49806, 49800, 49788, 49776, 49770, 49752, 49734, 49728, 49716,
49704, 49698, 49680, 49662, 49656, 49644, 49632, 49626, 49608, 49590, 49584, 49572, 49560,
49554, 49536, 49518, 49512, 49500, 49488, 49482, 49464, 49446, 49440, 49428, 49416, 49410,
49392, 49374, 49368, 49356, 49344, 49338, 49320, 49302, 49296, 49284, 49272, 49266, 49248,
49230, 49224, 49212, 49200, 49194, 49176, 49158, 49152, 49140, 49128, 49122, 49104, 49086,
49080, 49068, 49056, 49050, 49032, 49014, 49008, 48996, 48984, 48978, 48960, 48942, 48936,
48924, 48912, 48906, 48888, 48870, 48864, 48852, 48840, 48834, 48816, 48798, 48792, 48780,
48768, 48762, 48744, 48726, 48720, 48708, 48696, 48690, 48672, 48654, 48648, 48636, 48624,
48618, 48600, 48582, 48576, 48564, 48552, 48546, 48528, 48510, 48504, 48492, 48480, 48474,
48456, 48438, 48432, 48420, 48408, 48402, 48384, 48366, 48360, 48348, 48336, 48330, 48312,
48294, 48288, 48276, 48264, 48258, 48240, 48222, 48216, 48204, 48192, 48186, 48168, 48150,
48144, 48132, 48120, 48114, 48096, 48078, 48072, 48060, 48048, 48042, 48024, 48006, 48000,
47988, 47976, 47970, 47952, 47934, 47928, 47916, 47904, 47898, 47880, 47862, 47856, 47844,
47832, 47826, 47808, 47790, 47784, 47772, 47760, 47754, 47736, 47718, 47712, 47700, 47688,
47682, 47664, 47646, 47640, 47628, 47616, 47610, 47592, 47574, 47568, 47556, 47544, 47538,
47520, 47502, 47496, 47484, 47472, 47466, 47448, 47430, 47424, 47412, 47400, 47394, 47376,
47358, 47352, 47340, 47328, 47322, 47304, 47286, 47280, 47268, 47256, 47250, 47232, 47214,
47208, 47196, 47184, 47178, 47160, 47142, 47136, 47124, 47112, 47106, 47088, 47070, 47064,
47052, 47040, 47034, 47016, 46998, 46992, 46980, 46968, 46962, 46944, 46926, 46920, 46908,
46896, 46890, 46872, 46854, 46848, 46836, 46824, 46818, 46800, 46782, 46776, 46764, 46752,
46746, 46728, 46710, 46704, 46692, 46680, 46674, 46656, 46638, 46632, 46620, 46608, 46602,
46584, 46566, 46560, 46548, 46536, 46530, 46512, 46494, 46488, 46476, 46464, 46458, 46440,
46422, 46416, 46404, 46392, 46386, 46368, 46350, 46344, 46332, 46320, 46314, 46296, 46278,
46272, 46260, 46248, 46242, 46224, 46206, 46200, 46188, 46176, 46170, 46152, 46134, 46128,
46116, 46104, 46098, 46080, 46062, 46056, 46044, 46032, 46026, 46008, 45990, 45984, 45972,
45960, 45954, 45936, 45918, 45912, 45900, 45888, 45882, 45864, 45846, 45840, 45828, 45816,
45810, 45792, 45774, 45768, 45756, 45744, 45738, 45720, 45702, 45696, 45684, 45672, 45666,
45648, 45630, 45624, 45612, 45600, 45594, 45576, 45558, 45552, 45540, 45528, 45522, 45504,
45486, 45480, 45468, 45456, 45450, 45432, 45414, 45408, 45396, 45384, 45378, 45360, 45342,
45336, 45324, 45312, 45306, 45288, 45270, 45264, 45252, 45240, 45234, 45216, 45198, 45192,
45180, 45168, 45162, 45144, 45126, 45120, 45108, 45096, 45090, 45072, 45054, 45048, 45036,
45024, 45018, 45000, 44982, 44976, 44964, 44952, 44946, 44928, 44910, 44904, 44892, 44880,
44874, 44856, 44838, 44832, 44820, 44808, 44802, 44784, 44766, 44760, 44748, 44736, 44730,
44712, 44694, 44688, 44676, 44664, 44658, 44640, 44622, 44616, 44604, 44592, 44586, 44568,
44550, 44544, 44532, 44520, 44514, 44496, 44478, 44472, 44460, 44448, 44442, 44424, 44406,
44400, 44388, 44376, 44370, 44352, 44334, 44328, 44316, 44304, 44298, 44280, 44262, 44256,
44244, 44232, 44226, 44208, 44190, 44184, 44172, 44160, 44154, 44136, 44118, 44112, 44100,
52 MATTHEW DAWES
44088, 44082, 44064, 44046, 44040, 44028, 44016, 44010, 43992, 43974, 43968, 43956, 43944,
43938, 43920, 43902, 43896, 43884, 43872, 43866, 43848, 43830, 43824, 43812, 43800, 43794,
43776, 43758, 43752, 43740, 43728, 43722, 43704, 43686, 43680, 43668, 43656, 43650, 43632,
43614, 43608, 43596, 43584, 43578, 43560, 43542, 43536, 43524, 43512, 43506, 43488, 43470,
43464, 43452, 43440, 43434, 43416, 43398, 43392, 43380, 43368, 43362, 43344, 43326, 43320,
43308, 43296, 43290, 43272, 43254, 43248, 43236, 43224, 43218, 43200, 43182, 43176, 43164,
43152, 43146, 43128, 43110, 43104, 43092, 43080, 43074, 43056, 43038, 43032, 43020, 43008,
43002, 42984, 42966, 42960, 42948, 42936, 42930, 42912, 42894, 42888, 42876, 42864, 42858,
42840, 42822, 42816, 42804, 42792, 42786, 42768, 42750, 42744, 42732, 42720, 42714, 42696,
42678, 42672, 42660, 42648, 42642, 42624, 42606, 42600, 42588, 42576, 42570, 42552, 42534,
42528, 42516, 42504, 42498, 42480, 42462, 42456, 42444, 42432, 42426, 42408, 42390, 42384,
42372, 42360, 42354, 42336, 42318, 42312, 42300, 42288, 42282, 42264, 42246, 42240, 42228,
42216, 42210, 42192, 42174, 42168, 42156, 42144, 42138, 42120, 42102, 42096, 42084, 42072,
42066, 42048, 42030, 42024, 42012, 42000, 41994, 41976, 41958, 41952, 41940, 41928, 41922,
41904, 41886, 41880, 41868, 41856, 41850, 41832, 41814, 41808, 41796, 41784, 41778, 41760,
41742, 41736, 41724, 41712, 41706, 41688, 41670, 41664, 41652, 41640, 41634, 41616, 41598,
41592, 41580, 41568, 41562, 41544, 41526, 41520, 41508, 41496, 41490, 41472, 41454, 41448,
41436, 41424, 41418, 41400, 41382, 41376, 41364, 41352, 41346, 41328, 41310, 41304, 41292,
41280, 41274, 41256, 41238, 41232, 41220, 41208, 41202, 41184, 41166, 41160, 41148, 41136,
41130, 41112, 41094, 41088, 41076, 41064, 41058, 41040, 41022, 41016, 41004, 40992, 40986,
40968, 40950, 40944, 40932, 40920, 40914, 40896, 40878, 40872, 40860, 40848, 40842, 40824,
40806, 40800, 40788, 40776, 40770, 40752, 40734, 40728, 40716, 40704, 40698, 40680, 40662,
40656, 40644, 40632, 40626, 40608, 40590, 40584, 40572, 40560, 40554, 40536, 40518, 40512,
40500, 40488, 40482, 40464, 40446, 40440, 40428, 40416, 40410, 40392, 40374, 40368, 40356,
40344, 40338, 40320, 40302, 40296, 40284, 40272, 40266, 40248, 40230, 40224, 40212, 40200,
40194, 40176, 40158, 40152, 40140, 40128, 40122, 40104, 40086, 40080, 40068, 40056, 40050,
40032, 40014, 40008, 39996, 39984, 39978, 39960, 39942, 39936, 39924, 39912, 39906, 39888,
39870, 39864, 39852, 39840, 39834, 39816, 39798, 39792, 39780, 39768, 39762, 39744, 39726,
39720, 39708, 39696, 39690, 39672, 39654, 39648, 39636, 39624, 39618, 39600, 39582, 39576,
39564, 39552, 39546, 39528, 39510, 39504, 39492, 39480, 39474, 39456, 39438, 39432, 39420,
39408, 39402, 39384, 39366, 39360, 39348, 39336, 39330, 39312, 39294, 39288, 39276, 39264,
39258, 39240, 39222, 39216, 39204, 39192, 39186, 39168, 39150, 39144, 39132, 39120, 39114,
39096, 39078, 39072, 39060, 39048, 39042, 39024, 39006, 39000, 38988, 38976, 38970, 38952,
38934, 38928, 38916, 38904, 38898, 38880, 38862, 38856, 38844, 38832, 38826, 38808, 38790,
38784, 38772, 38760, 38754, 38736, 38718, 38712, 38700, 38688, 38682, 38664, 38646, 38640,
38628, 38616, 38610, 38592, 38574, 38568, 38556, 38544, 38538, 38520, 38502, 38496, 38484,
38472, 38466, 38448, 38430, 38424, 38412, 38400, 38394, 38376, 38358, 38352, 38340, 38328,
38322, 38304, 38286, 38280, 38268, 38256, 38250, 38232, 38214, 38208, 38196, 38184, 38178,
38160, 38142, 38136, 38124, 38112, 38106, 38088, 38070, 38064, 38052, 38040, 38034, 38016,
37998, 37992, 37980, 37968, 37962, 37944, 37926, 37920, 37908, 37896, 37890, 37872, 37854,
37848, 37836, 37824, 37818, 37800, 37782, 37776, 37764, 37752, 37746, 37728, 37710, 37704,
37692, 37680, 37674, 37656, 37638, 37632, 37620, 37608, 37602, 37584, 37566, 37560, 37548,
37536, 37530, 37512, 37494, 37488, 37476, 37464, 37458, 37440, 37422, 37416, 37404, 37392,
37386, 37368, 37350, 37344, 37332, 37320, 37314, 37296, 37278, 37272, 37260, 37248, 37242,
37224, 37206, 37200, 37188, 37176, 37170, 37152, 37134, 37128, 37116, 37104, 37098, 37080,
37062, 37056, 37044, 37032, 37026, 37008, 36990, 36984, 36972, 36960, 36954, 36936, 36918,
36912, 36900, 36888, 36882, 36864, 36846, 36840, 36828, 36816, 36810, 36792, 36774, 36768,
36756, 36744, 36738, 36720, 36702, 36696, 36684, 36672, 36666, 36648, 36630, 36624, 36612,
36600, 36594, 36576, 36558, 36552, 36540, 36528, 36522, 36504, 36486, 36480, 36468, 36456,
36450, 36432, 36414, 36408, 36396, 36384, 36378, 36360, 36342, 36336, 36324, 36312, 36306,
36288, 36270, 36264, 36252, 36240, 36234, 36216, 36198, 36192, 36180, 36168, 36162, 36144,
36126, 36120, 36108, 36096, 36090, 36072, 36054, 36048, 36036, 36024, 36018, 36000, 35982,
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35976, 35964, 35952, 35946, 35928, 35910, 35904, 35892, 35880, 35874, 35856, 35838, 35832,
35820, 35808, 35802, 35784, 35766, 35760, 35748, 35736, 35730, 35712, 35694, 35688, 35676,
35664, 35658, 35640, 35622, 35616, 35604, 35592, 35586, 35568, 35550, 35544, 35532, 35520,
35514, 35496, 35478, 35472, 35460, 35448, 35442, 35424, 35406, 35400, 35388, 35376, 35370,
35352, 35334, 35328, 35316, 35304, 35298, 35280, 35262, 35256, 35244, 35232, 35226, 35208,
35190, 35184, 35172, 35160, 35154, 35136, 35118, 35112, 35100, 35088, 35082, 35064, 35046,
35040, 35028, 35016, 35010, 34992, 34974, 34968, 34956, 34944, 34938, 34920, 34902, 34896,
34884, 34872, 34866, 34848, 34830, 34824, 34812, 34800, 34794, 34776, 34758, 34752, 34740,
34728, 34722, 34704, 34686, 34680, 34668, 34656, 34650, 34632, 34614, 34608, 34600, 34596,
34592, 34584, 34578, 34576, 34568, 34560, 34552, 34544, 34542, 34536, 34528, 34524, 34520,
34512, 34506, 34504, 34496, 34488, 34480, 34472, 34470, 34464, 34456, 34452, 34448, 34440,
34434, 34432, 34424, 34416, 34408, 34400, 34398, 34392, 34384, 34380, 34376, 34368, 34362,
34360, 34352, 34344, 34336, 34328, 34326, 34320, 34312, 34308, 34304, 34296, 34290, 34288,
34280, 34272, 34264, 34256, 34254, 34248, 34240, 34236, 34232, 34224, 34218, 34216, 34208,
34200, 34192, 34184, 34182, 34176, 34168, 34164, 34160, 34152, 34146, 34144, 34136, 34128,
34120, 34112, 34110, 34104, 34096, 34092, 34088, 34080, 34074, 34072, 34064, 34056, 34048,
34040, 34038, 34032, 34024, 34020, 34016, 34011, 34008, 34002, 34000, 33992, 33984, 33976,
33975, 33968, 33966, 33960, 33952, 33948, 33944, 33939, 33936, 33930, 33928, 33920, 33912,
33904, 33903, 33896, 33894, 33888, 33880, 33876, 33872, 33867, 33864, 33858, 33856, 33848,
33840, 33832, 33831, 33824, 33822, 33816, 33808, 33804, 33800, 33795, 33792, 33786, 33784,
33776, 33768, 33760, 33759, 33752, 33750, 33744, 33736, 33732, 33728, 33723, 33720, 33714,
33712, 33704, 33696, 33688, 33687, 33680, 33678, 33672, 33664, 33660, 33656, 33651, 33648,
33642, 33640, 33632, 33624, 33616, 33615, 33608, 33606, 33600, 33592, 33588, 33584, 33579,
33576, 33570, 33568, 33560, 33552, 33544, 33543, 33536, 33534, 33528, 33520, 33516, 33512,
33507, 33504, 33498, 33496, 33488, 33480, 33472, 33471, 33464, 33462, 33456, 33448, 33444,
33440, 33435, 33432, 33426, 33424, 33416, 33408, 33400, 33399, 33392, 33390, 33384, 33376,
33372, 33368, 33363, 33360, 33354, 33352, 33344, 33336, 33328, 33327, 33320, 33318, 33312,
33304, 33300, 33296, 33291, 33288, 33282, 33280, 33272, 33264, 33256, 33255, 33248, 33246,
33240, 33232, 33228, 33224, 33219, 33216, 33210, 33208, 33200, 33192, 33184, 33183, 33176,
33174, 33168, 33160, 33156, 33152, 33147, 33144, 33138, 33136, 33128, 33120, 33112, 33111,
33104, 33102, 33096, 33088, 33084, 33080, 33075, 33072, 33066, 33064, 33056, 33048, 33040,
33039, 33032, 33030, 33024, 33016, 33012, 33008, 33003, 33000, 32994, 32992, 32984, 32976,
32968, 32967, 32960, 32958, 32952, 32944, 32940, 32936, 32931, 32928, 32922, 32920, 32912,
32904, 32896, 32895, 32888, 32886, 32880, 32872, 32868, 32864, 32859, 32856, 32850, 32848,
32840, 32832, 32824, 32823, 32816, 32814, 32808, 32800, 32796, 32792, 32787, 32784, 32778,
32776, 32768, 32760, 32752, 32751, 32744, 32742, 32736, 32728, 32724, 32720, 32715, 32712,
32706, 32704, 32696, 32688, 32680, 32679, 32672, 32670, 32664, 32656, 32652, 32648, 32643,
32640, 32634, 32632, 32624, 32616, 32608, 32607, 32600, 32598, 32592, 32584, 32580, 32576,
32571, 32568, 32562, 32560, 32552, 32544, 32536, 32535, 32528, 32526, 32520, 32512, 32508,
32504, 32499, 32496, 32490, 32488, 32480, 32472, 32464, 32463, 32456, 32454, 32448, 32440,
32436, 32432, 32427, 32424, 32418, 32416, 32408, 32400, 32392, 32391, 32384, 32382, 32376,
32368, 32364, 32360, 32355, 32352, 32346, 32344, 32336, 32328, 32320, 32319, 32312, 32310,
32304, 32296, 32292, 32288, 32283, 32280, 32274, 32272, 32264, 32256, 32248, 32247, 32240,
32238, 32232, 32224, 32220, 32216, 32211, 32208, 32202, 32200, 32192, 32184, 32176, 32175,
32168, 32166, 32160, 32152, 32148, 32144, 32139, 32136, 32130, 32128, 32120, 32112, 32104,
32103, 32096, 32094, 32088, 32080, 32076, 32072, 32067, 32064, 32058, 32056, 32048, 32040,
32032, 32031, 32024, 32022, 32016, 32008, 32004, 32000, 31995, 31992, 31986, 31984, 31976,
31968, 31960, 31959, 31952, 31950, 31944, 31936, 31932, 31928, 31923, 31920, 31914, 31912,
31904, 31896, 31888, 31887, 31880, 31878, 31872, 31864, 31860, 31856, 31851, 31848, 31842,
31840, 31832, 31824, 31816, 31815, 31808, 31806, 31800, 31792, 31788, 31784, 31779, 31776,
31770, 31768, 31760, 31752, 31744, 31743, 31736, 31734, 31728, 31720, 31716, 31712, 31707,
31704, 31698, 31696, 31688, 31680, 31672, 31671, 31664, 31662, 31656, 31648, 31644, 31640,
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31635, 31632, 31626, 31624, 31616, 31608, 31600, 31599, 31592, 31590, 31584, 31576, 31572,
31568, 31563, 31560, 31554, 31552, 31544, 31536, 31528, 31527, 31520, 31518, 31512, 31504,
31500, 31496, 31491, 31488, 31482, 31480, 31472, 31464, 31456, 31455, 31448, 31446, 31440,
31432, 31428, 31424, 31419, 31416, 31410, 31408, 31400, 31392, 31384, 31383, 31376, 31374,
31368, 31360, 31356, 31352, 31347, 31344, 31338, 31336, 31328, 31320, 31312, 31311, 31304,
31302, 31296, 31288, 31284, 31280, 31275, 31272, 31266, 31264, 31256, 31248, 31240, 31239,
31232, 31230, 31224, 31216, 31212, 31208, 31203, 31200, 31194, 31192, 31184, 31176, 31168,
31167, 31160, 31158, 31152, 31144, 31140, 31136, 31131, 31128, 31122, 31120, 31112, 31104,
31096, 31095, 31088, 31086, 31080, 31072, 31068, 31064, 31059, 31056, 31050, 31048, 31040,
31032, 31024, 31023, 31016, 31014, 31008, 31000, 30996, 30992, 30987, 30984, 30978, 30976,
30968, 30960, 30952, 30951, 30944, 30942, 30936, 30928, 30924, 30920, 30915, 30912, 30906,
30904, 30896, 30888, 30880, 30879, 30872, 30870, 30864, 30856, 30852, 30848, 30843, 30840,
30834, 30832, 30824, 30816, 30808, 30807, 30800, 30798, 30792, 30784, 30780, 30776, 30771,
30768, 30762, 30760, 30752, 30744, 30736, 30735, 30728, 30726, 30720, 30712, 30708, 30704,
30699, 30696, 30690, 30688, 30680, 30672, 30664, 30663, 30656, 30654, 30648, 30640, 30636,
30632, 30627, 30624, 30618, 30616, 30608, 30600, 30592, 30591, 30584, 30582, 30576, 30568,
30564, 30560, 30555, 30552, 30546, 30544, 30536, 30528, 30520, 30519, 30512, 30510, 30504,
30496, 30492, 30488, 30483, 30480, 30474, 30472, 30464, 30456, 30448, 30447, 30440, 30438,
30432, 30424, 30420, 30416, 30411, 30408, 30402, 30400, 30392, 30384, 30376, 30375, 30368,
30366, 30360, 30352, 30348, 30344, 30339, 30336, 30330, 30328, 30320, 30312, 30304, 30303,
30296, 30294, 30288, 30280, 30276, 30272, 30267, 30264, 30258, 30256, 30248, 30240, 30232,
30231, 30224, 30222, 30216, 30208, 30204, 30200, 30195, 30192, 30186, 30184, 30176, 30168,
30160, 30159, 30152, 30150, 30144, 30136, 30132, 30128, 30123, 30120, 30114, 30112, 30104,
30096, 30088, 30087, 30080, 30078, 30072, 30064, 30060, 30056, 30051, 30048, 30042, 30040,
30032, 30024, 30016, 30015, 30008, 30006, 30000, 29992, 29988, 29984, 29979, 29976, 29970,
29968, 29960, 29952, 29944, 29943, 29936, 29934, 29928, 29920, 29916, 29912, 29907, 29904,
29898, 29896, 29888, 29880, 29872, 29871, 29864, 29862, 29856, 29848, 29844, 29840, 29835,
29832, 29826, 29824, 29816, 29808, 29800, 29799, 29792, 29790, 29784, 29776, 29772, 29768,
29763, 29760, 29754, 29752, 29744, 29736, 29728, 29727, 29720, 29718, 29712, 29704, 29700,
29696, 29691, 29688, 29682, 29680, 29672, 29664, 29656, 29655, 29648, 29646, 29640, 29632,
29628, 29624, 29619, 29616, 29610, 29608, 29600, 29592, 29584, 29583, 29576, 29574, 29568,
29560, 29556, 29552, 29547, 29544, 29538, 29536, 29528, 29520, 29512, 29511, 29504, 29502,
29496, 29488, 29484, 29480, 29475, 29472, 29466, 29464, 29456, 29448, 29440, 29439, 29432,
29430, 29424, 29416, 29412, 29408, 29403, 29400, 29394, 29392, 29384, 29376, 29368, 29367,
29360, 29358, 29352, 29344, 29340, 29336, 29331, 29328, 29322, 29320, 29312, 29304, 29296,
29295, 29288, 29286, 29280, 29272, 29268, 29264, 29259, 29256, 29250, 29248, 29240, 29232,
29224, 29223, 29216, 29214, 29208, 29200, 29196, 29192, 29187, 29184, 29178, 29176, 29168,
29160, 29152, 29151, 29144, 29142, 29136, 29128, 29124, 29120, 29115, 29112, 29106, 29104,
29096, 29088, 29080, 29079, 29072, 29070, 29064, 29056, 29052, 29048, 29043, 29040, 29034,
29032, 29024, 29016, 29008, 29007, 29000, 28998, 28992, 28984, 28980, 28976, 28971, 28968,
28962, 28960, 28952, 28944, 28936, 28935, 28928, 28926, 28920, 28912, 28908, 28904, 28899,
28896, 28890, 28888, 28880, 28872, 28864, 28863, 28856, 28854, 28848, 28840, 28836, 28832,
28827, 28824, 28818, 28816, 28808, 28800, 28792, 28791, 28784, 28782, 28776, 28768, 28764,
28760, 28755, 28752, 28746, 28744, 28736, 28728, 28720, 28719, 28712, 28710, 28704, 28696,
28692, 28688, 28683, 28680, 28674, 28672, 28664, 28656, 28648, 28647, 28640, 28638, 28632,
28624, 28620, 28616, 28611, 28608, 28602, 28600, 28592, 28584, 28576, 28575, 28568, 28566,
28560, 28552, 28548, 28544, 28539, 28536, 28530, 28528, 28520, 28512, 28504, 28503, 28496,
28494, 28488, 28480, 28476, 28472, 28467, 28464, 28458, 28456, 28448, 28440, 28432, 28431,
28424, 28422, 28416, 28408, 28404, 28400, 28395, 28392, 28386, 28384, 28376, 28368, 28360,
28359, 28352, 28350, 28344, 28336, 28332, 28328, 28323, 28320, 28314, 28312, 28304, 28296,
28288, 28287, 28280, 28278, 28272, 28264, 28260, 28256, 28251, 28248, 28242, 28240, 28232,
28224, 28216, 28215, 28208, 28206, 28200, 28192, 28188, 28184, 28179, 28176, 28170, 28168,
ON THE KODAIRA DIMENSION OF THE MODULI OF DEFORMATION GENERALISED KUMMER VARIETIES55
28160, 28152, 28144, 28143, 28136, 28134, 28128, 28120, 28116, 28112, 28107, 28104, 28098,
28096, 28088, 28080, 28072, 28071, 28064, 28062, 28056, 28048, 28044, 28040, 28035, 28032,
28026, 28024, 28020, 28016, 28014, 28008, 28002, 28000, 27999, 27996, 27992, 27990, 27984,
27978, 27976, 27972, 27968, 27966, 27963, 27960, 27954, 27952, 27948, 27944, 27942, 27936,
27930, 27928, 27927, 27924, 27920, 27918, 27912, 27906, 27904, 27900, 27896, 27894, 27891,
27888, 27882, 27880, 27876, 27872, 27870, 27864, 27858, 27856, 27855, 27852, 27848, 27846,
27840, 27834, 27832, 27828, 27824, 27822, 27819, 27816, 27810, 27808, 27804, 27800, 27798,
27792, 27786, 27784, 27783, 27780, 27776, 27774, 27768, 27762, 27760, 27756, 27752, 27750,
27747, 27744, 27738, 27736, 27732, 27728, 27726, 27720, 27714, 27712, 27711, 27708, 27704,
27702, 27696, 27690, 27688, 27684, 27680, 27678, 27675, 27672, 27666, 27664, 27660, 27656,
27654, 27648, 27642, 27640, 27639, 27636, 27632, 27630, 27624, 27618, 27616, 27612, 27608,
27606, 27603, 27600, 27594, 27592, 27588, 27584, 27582, 27576, 27570, 27568, 27567, 27564,
27560, 27558, 27552, 27546, 27544, 27540, 27536, 27534, 27531, 27528, 27522, 27520, 27516,
27512, 27510, 27504, 27498, 27496, 27495, 27492, 27488, 27486, 27480, 27474, 27472, 27468,
27464, 27462, 27459, 27456, 27450, 27448, 27444, 27440, 27438, 27432, 27426, 27424, 27423,
27420, 27416, 27414, 27408, 27402, 27400, 27396, 27392, 27390, 27387, 27384, 27378, 27376,
27372, 27368, 27366, 27360, 27354, 27352, 27351, 27348, 27344, 27342, 27336, 27330, 27328,
27324, 27320, 27318, 27315, 27312, 27306, 27304, 27300, 27296, 27294, 27288, 27282, 27280,
27279, 27276, 27272, 27270, 27264, 27258, 27256, 27252, 27248, 27246, 27243, 27240, 27234,
27232, 27228, 27224, 27222, 27216, 27210, 27208, 27207, 27204, 27200, 27198, 27192, 27186,
27184, 27180, 27176, 27174, 27171, 27168, 27162, 27160, 27156, 27152, 27150, 27144, 27138,
27136, 27135, 27132, 27128, 27126, 27120, 27114, 27112, 27108, 27104, 27102, 27099, 27096,
27090, 27088, 27084, 27080, 27078, 27072, 27066, 27064, 27063, 27060, 27056, 27054, 27048,
27042, 27040, 27036, 27032, 27030, 27027, 27024, 27018, 27016, 27012, 27008, 27006, 27000,
26994, 26992, 26991, 26988, 26984, 26982, 26976, 26970, 26968, 26964, 26960, 26958, 26955,
26952, 26946, 26944, 26940, 26936, 26934, 26928, 26922, 26920, 26919, 26916, 26912, 26910,
26904, 26898, 26896, 26892, 26888, 26886, 26883, 26880, 26874, 26872, 26868, 26864, 26862,
26856, 26850, 26848, 26847, 26844, 26840, 26838, 26832, 26826, 26824, 26820, 26816, 26814,
26811, 26808, 26802, 26800, 26796, 26792, 26790, 26784, 26778, 26776, 26775, 26772, 26768,
26766, 26760, 26754, 26752, 26748, 26744, 26742, 26739, 26736, 26730, 26728, 26724, 26720,
26718, 26712, 26706, 26704, 26703, 26700, 26696, 26694, 26688, 26682, 26680, 26676, 26672,
26670, 26667, 26664, 26658, 26656, 26652, 26648, 26646, 26640, 26634, 26632, 26631, 26628,
26624, 26622, 26616, 26610, 26608, 26604, 26600, 26598, 26595, 26592, 26586, 26584, 26580,
26576, 26574, 26568, 26562, 26560, 26559, 26556, 26552, 26550, 26544, 26538, 26536, 26532,
26528, 26526, 26523, 26520, 26514, 26512, 26508, 26504, 26502, 26496, 26490, 26488, 26487,
26484, 26480, 26478, 26472, 26466, 26464, 26460, 26456, 26454, 26451, 26448, 26442, 26440,
26436, 26432, 26430, 26424, 26418, 26416, 26415, 26412, 26408, 26406, 26400, 26394, 26392,
26388, 26384, 26382, 26379, 26376, 26370, 26368, 26364, 26360, 26358, 26352, 26346, 26344,
26343, 26340, 26336, 26334, 26328, 26322, 26320, 26316, 26312, 26310, 26307, 26304, 26298,
26296, 26292, 26288, 26286, 26280, 26274, 26272, 26271, 26268, 26264, 26262, 26256, 26250,
26248, 26244, 26240, 26238, 26235, 26232, 26226, 26224, 26220, 26216, 26214, 26208, 26202,
26200, 26199, 26196, 26192, 26190, 26184, 26178, 26176, 26172, 26168, 26166, 26163, 26160,
26154, 26152, 26148, 26144, 26142, 26136, 26130, 26128, 26127, 26124, 26120, 26118, 26112,
26106, 26104, 26100, 26096, 26094, 26091, 26088, 26082, 26080, 26076, 26072, 26070, 26064,
26058, 26056, 26055, 26052, 26048, 26046, 26040, 26034, 26032, 26028, 26024, 26022, 26019,
26016, 26010, 26008, 26004, 26000, 25998, 25992, 25986, 25984, 25983, 25980, 25976, 25974,
25968, 25962, 25960, 25956, 25952, 25950, 25947, 25944, 25938, 25936, 25932, 25928, 25926,
25920, 25914, 25912, 25911, 25908, 25904, 25902, 25896, 25890, 25888, 25884, 25880, 25878,
25875, 25872, 25866, 25864, 25860, 25856, 25854, 25848, 25842, 25840, 25839, 25836, 25832,
25830, 25824, 25818, 25816, 25812, 25808, 25806, 25803, 25800, 25794, 25792, 25788, 25784,
25782, 25776, 25770, 25768, 25767, 25764, 25760, 25758, 25752, 25746, 25744, 25740, 25736,
25734, 25731, 25728, 25722, 25720, 25716, 25712, 25710, 25704, 25698, 25696, 25695, 25692,
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25688, 25686, 25680, 25674, 25672, 25668, 25664, 25662, 25659, 25656, 25650, 25648, 25644,
25640, 25638, 25632, 25626, 25624, 25623, 25620, 25616, 25614, 25608, 25602, 25600, 25596,
25592, 25590, 25587, 25584, 25578, 25576, 25572, 25568, 25566, 25560, 25554, 25552, 25551,
25548, 25544, 25542, 25536, 25530, 25528, 25524, 25520, 25518, 25515, 25512, 25506, 25504,
25500, 25496, 25494, 25488, 25482, 25480, 25479, 25476, 25472, 25470, 25464, 25458, 25456,
25452, 25448, 25446, 25443, 25440, 25434, 25432, 25428, 25424, 25422, 25416, 25410, 25408,
25407, 25404, 25400, 25398, 25392, 25386, 25384, 25380, 25376, 25374, 25371, 25368, 25362,
25360, 25356, 25352, 25350, 25344, 25338, 25336, 25335, 25332, 25328, 25326, 25320, 25314,
25312, 25308, 25304, 25302, 25299, 25296, 25290, 25288, 25284, 25280, 25278, 25272, 25266,
25264, 25263, 25260, 25256, 25254, 25248, 25242, 25240, 25236, 25232, 25230, 25227, 25224,
25218, 25216, 25212, 25208, 25206, 25200, 25194, 25192, 25191, 25188, 25184, 25182, 25176,
25170, 25168, 25164, 25160, 25158, 25155, 25152, 25146, 25144, 25140, 25136, 25134, 25128,
25122, 25120, 25119, 25116, 25112, 25110, 25104, 25098, 25096, 25092, 25088, 25086, 25083,
25080, 25074, 25072, 25068, 25064, 25062, 25056, 25050, 25048, 25047, 25044, 25040, 25038,
25032, 25026, 25024, 25020, 25016, 25014, 25011, 25008, 25002, 25000, 24996, 24992, 24990,
24984, 24978, 24976, 24975, 24972, 24968, 24966, 24960, 24954, 24952, 24948, 24944, 24942,
24939, 24936, 24930, 24928, 24924, 24920, 24918, 24912, 24906, 24904, 24903, 24900, 24896,
24894, 24888, 24882, 24880, 24876, 24872, 24870, 24867, 24864, 24858, 24856, 24852, 24848,
24846, 24840, 24834, 24832, 24831, 24828, 24824, 24822, 24816, 24810, 24808, 24804, 24800,
24798, 24795, 24792, 24786, 24784, 24780, 24776, 24774, 24768, 24762, 24760, 24759, 24756,
24752, 24750, 24744, 24738, 24736, 24732, 24728, 24726, 24723, 24720, 24714, 24712, 24708,
24704, 24702, 24696, 24690, 24688, 24687, 24684, 24680, 24678, 24672, 24666, 24664, 24660,
24656, 24654, 24651, 24648, 24642, 24640, 24636, 24632, 24630, 24624, 24618, 24616, 24615,
24612, 24608, 24606, 24600, 24594, 24592, 24588, 24584, 24582, 24579, 24576, 24570, 24568,
24564, 24560, 24558, 24552, 24546, 24544, 24543, 24540, 24536, 24534, 24528, 24522, 24520,
24516, 24512, 24510, 24507, 24504, 24498, 24496, 24492, 24488, 24486, 24480, 24474, 24472,
24471, 24468, 24464, 24462, 24456, 24450, 24448, 24444, 24440, 24438, 24435, 24432, 24426,
24424, 24420, 24416, 24414, 24408, 24402, 24400, 24399, 24396, 24392, 24390, 24384, 24378,
24376, 24372, 24368, 24366, 24363, 24360, 24354, 24352, 24348, 24344, 24342, 24336, 24330,
24328, 24327, 24324, 24320, 24318, 24312, 24306, 24304, 24300, 24296, 24294, 24291, 24288,
24282, 24280, 24276, 24272, 24270, 24264, 24258, 24256, 24255, 24252, 24248, 24246, 24240,
24234, 24232, 24228, 24224, 24222, 24219, 24216, 24210, 24208, 24204, 24200, 24198, 24192,
24186, 24184, 24183, 24180, 24176, 24174, 24168, 24162, 24160, 24156, 24152, 24150, 24147,
24144, 24138, 24136, 24132, 24128, 24126, 24120, 24114, 24112, 24111, 24108, 24104, 24102,
24096, 24090, 24088, 24084, 24080, 24078, 24075, 24072, 24066, 24064, 24060, 24056, 24054,
24048, 24042, 24040, 24039, 24036, 24032, 24030, 24024, 24018, 24016, 24012, 24008, 24006,
24003, 24000, 23994, 23992, 23988, 23984, 23982, 23976, 23970, 23968, 23967, 23964, 23960,
23958, 23952, 23946, 23944, 23940, 23936, 23934, 23931, 23928, 23922, 23920, 23916, 23912,
23910, 23904, 23898, 23896, 23895, 23892, 23888, 23886, 23880, 23874, 23872, 23868, 23864,
23862, 23859, 23856, 23850, 23848, 23844, 23840, 23838, 23832, 23826, 23824, 23823, 23820,
23816, 23814, 23808, 23802, 23800, 23796, 23792, 23790, 23787, 23784, 23778, 23776, 23772,
23768, 23766, 23760, 23754, 23752, 23751, 23748, 23744, 23742, 23736, 23730, 23728, 23724,
23720, 23718, 23715, 23712, 23706, 23704, 23700, 23696, 23694, 23688, 23682, 23680, 23679,
23676, 23672, 23670, 23664, 23658, 23656, 23652, 23648, 23646, 23643, 23640, 23634, 23632,
23628, 23624, 23622, 23616, 23610, 23608, 23607, 23604, 23600, 23598, 23592, 23586, 23584,
23580, 23576, 23574, 23571, 23568, 23562, 23560, 23556, 23552, 23550, 23544, 23538, 23536,
23535, 23532, 23528, 23526, 23520, 23514, 23512, 23508, 23504, 23502, 23499, 23496, 23490,
23488, 23484, 23480, 23478, 23472, 23466, 23464, 23463, 23460, 23456, 23454, 23448, 23442,
23440, 23436, 23432, 23430, 23427, 23424, 23418, 23416, 23412, 23408, 23406, 23400, 23394,
23392, 23391, 23388, 23384, 23382, 23376, 23370, 23368, 23364, 23360, 23358, 23355, 23352,
23346, 23344, 23340, 23336, 23334, 23328, 23322, 23320, 23319, 23316, 23312, 23310, 23304,
23298, 23296, 23292, 23288, 23286, 23283, 23280, 23274, 23272, 23268, 23264, 23262, 23256,
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23250, 23248, 23247, 23244, 23240, 23238, 23232, 23226, 23224, 23220, 23216, 23214, 23211,
23208, 23202, 23200, 23196, 23192, 23190, 23184, 23178, 23176, 23175, 23172, 23168, 23166,
23160, 23154, 23152, 23148, 23144, 23142, 23139, 23136, 23130, 23128, 23124, 23120, 23118,
23112, 23106, 23104, 23103, 23100, 23096, 23094, 23088, 23082, 23080, 23076, 23072, 23070,
23067, 23064, 23058, 23056, 23052, 23048, 23046, 23040, 23034, 23032, 23031, 23028, 23024,
23022, 23016, 23010, 23008, 23004, 23000, 22998, 22995, 22992, 22986, 22984, 22980, 22976,
22974, 22968, 22962, 22960, 22959, 22956, 22952, 22950, 22944, 22938, 22936, 22932, 22928,
22926, 22923, 22920, 22914, 22912, 22908, 22904, 22902, 22896, 22890, 22888, 22887, 22884,
22880, 22878, 22872, 22866, 22864, 22860, 22856, 22854, 22851, 22848, 22842, 22840, 22836,
22832, 22830, 22824, 22818, 22816, 22815, 22812, 22808, 22806, 22800, 22794, 22792, 22788,
22784, 22782, 22779, 22776, 22770, 22768, 22764, 22760, 22758, 22752, 22746, 22744, 22743,
22740, 22736, 22734, 22728, 22722, 22720, 22716, 22712, 22710, 22707, 22704, 22698, 22696,
22692, 22688, 22686, 22680, 22674, 22672, 22671, 22668, 22664, 22662, 22656, 22650, 22648,
22644, 22640, 22638, 22635, 22632, 22626, 22624, 22620, 22616, 22614, 22608, 22602, 22600,
22599, 22596, 22592, 22590, 22584, 22578, 22576, 22572, 22568, 22566, 22563, 22560, 22554,
22552, 22548, 22544, 22542, 22536, 22530, 22528, 22527, 22524, 22520, 22518, 22512, 22506,
22504, 22500, 22496, 22494, 22491, 22488, 22482, 22480, 22476, 22472, 22470, 22464, 22458,
22456, 22455, 22452, 22448, 22446, 22440, 22434, 22432, 22428, 22424, 22422, 22419, 22416,
22410, 22408, 22404, 22400, 22398, 22392, 22386, 22384, 22383, 22380, 22376, 22374, 22368,
22362, 22360, 22356, 22352, 22350, 22347, 22344, 22338, 22336, 22332, 22328, 22326, 22320,
22314, 22312, 22311, 22308, 22304, 22302, 22296, 22290, 22288, 22284, 22280, 22278, 22275,
22272, 22266, 22264, 22260, 22256, 22254, 22248, 22242, 22240, 22239, 22236, 22232, 22230,
22224, 22218, 22216, 22212, 22208, 22206, 22203, 22200, 22194, 22192, 22188, 22184, 22182,
22176, 22170, 22168, 22167, 22164, 22160, 22158, 22152, 22146, 22144, 22140, 22136, 22134,
22131, 22128, 22122, 22120, 22116, 22112, 22110, 22104, 22098, 22096, 22095, 22092, 22088,
22086, 22080, 22074, 22072, 22068, 22064, 22062, 22059, 22056, 22050, 22048, 22044, 22040,
22038, 22032, 22026, 22024, 22023, 22020, 22016, 22014, 22008, 22002, 22000, 21996, 21992,
21990, 21987, 21984, 21978, 21976, 21972, 21968, 21966, 21960, 21954, 21952, 21951, 21948,
21944, 21942, 21936, 21930, 21928, 21924, 21920, 21918, 21915, 21912, 21906, 21904, 21900,
21896, 21894, 21888, 21882, 21880, 21879, 21876, 21872, 21870, 21864, 21858, 21856, 21852,
21848, 21846, 21843, 21840, 21834, 21832, 21828, 21824, 21822, 21816, 21810, 21808, 21807,
21804, 21800, 21798, 21792, 21786, 21784, 21780, 21776, 21774, 21771, 21768, 21762, 21760,
21756, 21752, 21750, 21744, 21738, 21736, 21735, 21732, 21728, 21726, 21720, 21714, 21712,
21708, 21704, 21702, 21699, 21696, 21690, 21688, 21684, 21680, 21678, 21672, 21666, 21664,
21663, 21660, 21656, 21654, 21648, 21642, 21640, 21636, 21632, 21630, 21627, 21624, 21618,
21616, 21612, 21608, 21606, 21600, 21594, 21592, 21591, 21588, 21584, 21582, 21576, 21570,
21568, 21564, 21560, 21558, 21555, 21552, 21546, 21544, 21540, 21536, 21534, 21528, 21522,
21520, 21519, 21516, 21512, 21510, 21504, 21498, 21496, 21492, 21488, 21486, 21483, 21480,
21474, 21472, 21468, 21464, 21462, 21456, 21450, 21448, 21447, 21444, 21440, 21438, 21432,
21426, 21424, 21420, 21416, 21414, 21411, 21408, 21402, 21400, 21396, 21392, 21390, 21384,
21378, 21376, 21375, 21372, 21368, 21366, 21360, 21354, 21352, 21348, 21344, 21342, 21339,
21336, 21330, 21328, 21324, 21320, 21318, 21312, 21306, 21304, 21303, 21300, 21296, 21294,
21288, 21282, 21280, 21276, 21272, 21270, 21267, 21264, 21258, 21256, 21252, 21248, 21246,
21240, 21234, 21232, 21231, 21228, 21224, 21222, 21216, 21210, 21208, 21204, 21200, 21198,
21195, 21192, 21186, 21184, 21180, 21176, 21174, 21168, 21162, 21160, 21159, 21156, 21152,
21150, 21144, 21138, 21136, 21132, 21128, 21126, 21123, 21120, 21114, 21112, 21108, 21104,
21102, 21096, 21090, 21088, 21087, 21084, 21080, 21078, 21072, 21066, 21064, 21060, 21056,
21054, 21051, 21048, 21042, 21040, 21036, 21032, 21030, 21024, 21018, 21016, 21015, 21012,
21008, 21006, 21000, 20994, 20992, 20988, 20984, 20982, 20979, 20976, 20970, 20968, 20964,
20960, 20958, 20952, 20946, 20944, 20943, 20940, 20936, 20934, 20928, 20922, 20920, 20916,
20912, 20910, 20907, 20904, 20898, 20896, 20892, 20888, 20886, 20880, 20874, 20872, 20871,
20868, 20864, 20862, 20856, 20850, 20848, 20844, 20840, 20838, 20835, 20832, 20826, 20824,
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20820, 20816, 20814, 20808, 20802, 20800, 20799, 20796, 20792, 20790, 20784, 20778, 20776,
20772, 20768, 20766, 20763, 20760, 20754, 20752, 20748, 20744, 20742, 20736, 20730, 20728,
20727, 20724, 20720, 20718, 20712, 20706, 20704, 20700, 20696, 20694, 20691, 20688, 20682,
20680, 20676, 20672, 20670, 20664, 20658, 20656, 20655, 20652, 20648, 20646, 20640, 20634,
20632, 20628, 20624, 20622, 20619, 20616, 20610, 20608, 20604, 20600, 20598, 20592, 20586,
20584, 20583, 20580, 20576, 20574, 20568, 20562, 20560, 20556, 20552, 20550, 20547, 20544,
20538, 20536, 20532, 20528, 20526, 20520, 20514, 20512, 20511, 20508, 20504, 20502, 20496,
20490, 20488, 20484, 20480, 20478, 20475, 20472, 20466, 20464, 20460, 20456, 20454, 20448,
20442, 20440, 20439, 20436, 20432, 20430, 20424, 20418, 20416, 20412, 20408, 20406, 20403,
20400, 20394, 20392, 20388, 20384, 20382, 20376, 20370, 20368, 20367, 20364, 20360, 20358,
20352, 20346, 20344, 20340, 20336, 20334, 20331, 20328, 20322, 20320, 20316, 20312, 20310,
20304, 20298, 20296, 20295, 20292, 20288, 20286, 20280, 20274, 20272, 20268, 20264, 20262,
20259, 20256, 20250, 20248, 20244, 20240, 20238, 20232, 20226, 20224, 20223, 20220, 20216,
20214, 20208, 20202, 20200, 20196, 20192, 20190, 20187, 20184, 20178, 20176, 20172, 20168,
20166, 20160, 20154, 20152, 20151, 20148, 20144, 20142, 20136, 20130, 20128, 20124, 20120,
20118, 20115, 20112, 20106, 20104, 20100, 20096, 20094, 20088, 20082, 20080, 20079, 20076,
20072, 20070, 20064, 20058, 20056, 20052, 20048, 20046, 20043, 20040, 20034, 20032, 20028,
20024, 20022, 20016, 20010, 20008, 20007, 20004, 20000, 19998, 19992, 19986, 19984, 19980,
19976, 19974, 19971, 19968, 19962, 19960, 19956, 19952, 19950, 19944, 19938, 19936, 19935,
19932, 19928, 19926, 19920, 19914, 19912, 19908, 19904, 19902, 19899, 19896, 19890, 19888,
19884, 19880, 19878, 19872, 19866, 19864, 19863, 19860, 19856, 19854, 19848, 19842, 19840,
19836, 19832, 19830, 19827, 19824, 19818, 19816, 19812, 19808, 19806, 19800, 19794, 19792,
19791, 19788, 19784, 19782, 19776, 19770, 19768, 19764, 19760, 19758, 19755, 19752, 19746,
19744, 19740, 19736, 19734, 19728, 19722, 19720, 19719, 19716, 19712, 19710, 19704, 19698,
19696, 19692, 19688, 19686, 19683, 19680, 19674, 19672, 19668, 19664, 19662, 19656, 19650,
19648, 19647, 19644, 19640, 19638, 19632, 19626, 19624, 19620, 19616, 19614, 19611, 19608,
19602, 19600, 19596, 19592, 19590, 19584, 19578, 19576, 19575, 19572, 19568, 19566, 19560,
19554, 19552, 19548, 19544, 19542, 19539, 19536, 19530, 19528, 19524, 19520, 19518, 19512,
19506, 19504, 19503, 19500, 19496, 19494, 19488, 19482, 19480, 19476, 19472, 19470, 19467,
19464, 19458, 19456, 19452, 19448, 19446, 19440, 19434, 19432, 19431, 19428, 19424, 19422,
19416, 19410, 19408, 19404, 19400, 19398, 19395, 19392, 19386, 19384, 19380, 19376, 19374,
19368, 19362, 19360, 19359, 19356, 19352, 19350, 19344, 19338, 19336, 19332, 19328, 19326,
19323, 19320, 19314, 19312, 19308, 19304, 19302, 19296, 19290, 19288, 19287, 19284, 19280,
19278, 19272, 19266, 19264, 19260, 19256, 19254, 19251, 19248, 19242, 19240, 19236, 19232,
19230, 19224, 19218, 19216, 19215, 19212, 19208, 19206, 19200, 19194, 19192, 19188, 19184,
19182, 19179, 19176, 19170, 19168, 19164, 19160, 19158, 19152, 19146, 19144, 19143, 19140,
19136, 19134, 19128, 19122, 19120, 19116, 19112, 19110, 19107, 19104, 19098, 19096, 19092,
19088, 19086, 19080, 19074, 19072, 19071, 19068, 19064, 19062, 19056, 19050, 19048, 19044,
19040, 19038, 19035, 19032, 19026, 19024, 19020, 19016, 19014, 19008, 19002, 19000, 18999,
18996, 18992, 18990, 18984, 18978, 18976, 18972, 18968, 18966, 18963, 18960, 18954, 18952,
18948, 18944, 18942, 18936, 18930, 18928, 18927, 18924, 18920, 18918, 18912, 18906, 18904,
18900, 18896, 18894, 18891, 18888, 18882, 18880, 18876, 18872, 18870, 18864, 18858, 18856,
18855, 18852, 18848, 18846, 18840, 18834, 18832, 18828, 18824, 18822, 18819, 18816, 18810,
18808, 18804, 18800, 18798, 18792, 18786, 18784, 18783, 18780, 18776, 18774, 18768, 18762,
18760, 18756, 18752, 18750, 18747, 18744, 18738, 18736, 18732, 18728, 18726, 18720, 18714,
18712, 18711, 18708, 18704, 18702, 18696, 18690, 18688, 18684, 18680, 18678, 18675, 18672,
18666, 18664, 18660, 18656, 18654, 18648, 18642, 18640, 18639, 18636, 18632, 18630, 18624,
18618, 18616, 18612, 18608, 18606, 18603, 18600, 18594, 18592, 18588, 18584, 18582, 18576,
18570, 18568, 18567, 18564, 18560, 18558, 18552, 18546, 18544, 18540, 18536, 18534, 18531,
18528, 18522, 18520, 18516, 18512, 18510, 18504, 18498, 18496, 18495, 18492, 18488, 18486,
18480, 18474, 18472, 18468, 18464, 18462, 18459, 18456, 18450, 18448, 18444, 18440, 18438,
18432, 18426, 18424, 18423, 18420, 18416, 18414, 18408, 18402, 18400, 18396, 18392, 18390,
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18387, 18384, 18378, 18376, 18372, 18368, 18366, 18360, 18354, 18352, 18351, 18348, 18344,
18342, 18336, 18330, 18328, 18324, 18320, 18318, 18315, 18312, 18306, 18304, 18300, 18296,
18294, 18288, 18282, 18280, 18279, 18276, 18272, 18270, 18264, 18258, 18256, 18252, 18248,
18246, 18243, 18240, 18234, 18232, 18228, 18224, 18222, 18216, 18210, 18208, 18207, 18204,
18200, 18198, 18192, 18186, 18184, 18180, 18176, 18174, 18171, 18168, 18162, 18160, 18156,
18152, 18150, 18144, 18138, 18136, 18135, 18132, 18128, 18126, 18120, 18114, 18112, 18108,
18104, 18102, 18099, 18096, 18090, 18088, 18084, 18080, 18078, 18072, 18066, 18064, 18063,
18060, 18056, 18054, 18048, 18042, 18040, 18036, 18032, 18030, 18027, 18024, 18018, 18016,
18012, 18008, 18006, 18000, 17994, 17992, 17991, 17988, 17984, 17982, 17976, 17970, 17968,
17964, 17960, 17958, 17955, 17952, 17946, 17944, 17940, 17936, 17934, 17928, 17922, 17920,
17919, 17916, 17912, 17910, 17904, 17898, 17896, 17892, 17888, 17886, 17883, 17880, 17874,
17872, 17868, 17864, 17862, 17856, 17850, 17848, 17847, 17844, 17840, 17838, 17832, 17826,
17824, 17820, 17816, 17814, 17811, 17808, 17802, 17800, 17796, 17792, 17790, 17784, 17778,
17776, 17775, 17772, 17768, 17766, 17760, 17754, 17752, 17748, 17744, 17742, 17739, 17736,
17730, 17728, 17724, 17720, 17718, 17712, 17706, 17704, 17703, 17700, 17696, 17694, 17688,
17682, 17680, 17676, 17672, 17670, 17667, 17664, 17658, 17656, 17652, 17648, 17646, 17640,
17634, 17632, 17631, 17628, 17624, 17622, 17616, 17610, 17608, 17604, 17600, 17598, 17595,
17592, 17586, 17584, 17580, 17576, 17574, 17568, 17562, 17560, 17559, 17556, 17552, 17550,
17544, 17538, 17536, 17532, 17528, 17526, 17523, 17520, 17514, 17512, 17508, 17504, 17502,
17496, 17490, 17488, 17487, 17484, 17480, 17478, 17472, 17466, 17464, 17460, 17456, 17454,
17451, 17448, 17442, 17440, 17436, 17432, 17430, 17424, 17418, 17416, 17415, 17412, 17408,
17406, 17400, 17394, 17392, 17388, 17384, 17382, 17379, 17376, 17370, 17368, 17364, 17360,
17358, 17352, 17346, 17344, 17343, 17340, 17336, 17334, 17328, 17322, 17320, 17316, 17312,
17310, 17307, 17304, 17298, 17296, 17292, 17288, 17286, 17280, 17274, 17272, 17271, 17268,
17264, 17262, 17256, 17250, 17248, 17244, 17240, 17238, 17235, 17232, 17226, 17224, 17220,
17216, 17214, 17208, 17202, 17200, 17199, 17196, 17192, 17190, 17184, 17178, 17176, 17172,
17168, 17166, 17163, 17160, 17154, 17152, 17148, 17144, 17142, 17136, 17130, 17128, 17127,
17124, 17120, 17118, 17112, 17106, 17104, 17100, 17096, 17094, 17091, 17088, 17082, 17080,
17076, 17072, 17070, 17064, 17058, 17056, 17055, 17052, 17048, 17046, 17040, 17034, 17032,
17028, 17024, 17022, 17019, 17016, 17010, 17008, 17004, 17000, 16998, 16992, 16986, 16984,
16983, 16980, 16976, 16974, 16968, 16962, 16960, 16956, 16952, 16950, 16947, 16944, 16938,
16936, 16932, 16928, 16926, 16920, 16914, 16912, 16911, 16908, 16904, 16902, 16896, 16890,
16888, 16884, 16880, 16878, 16875, 16872, 16866, 16864, 16860, 16856, 16854, 16848, 16842,
16840, 16839, 16836, 16832, 16830, 16824, 16818, 16816, 16812, 16808, 16806, 16803, 16800,
16794, 16792, 16788, 16784, 16782, 16776, 16770, 16768, 16767, 16764, 16760, 16758, 16752,
16746, 16744, 16740, 16736, 16734, 16731, 16728, 16722, 16720, 16716, 16712, 16710, 16704,
16698, 16696, 16695, 16692, 16688, 16686, 16680, 16674, 16672, 16668, 16664, 16662, 16659,
16656, 16650, 16648, 16644, 16640, 16638, 16632, 16626, 16624, 16623, 16620, 16616, 16614,
16608, 16602, 16600, 16596, 16592, 16590, 16587, 16584, 16578, 16576, 16572, 16568, 16566,
16560, 16554, 16552, 16551, 16548, 16544, 16542, 16536, 16530, 16528, 16524, 16520, 16518,
16515, 16512, 16506, 16504, 16500, 16496, 16494, 16488, 16482, 16480, 16479, 16476, 16472,
16470, 16464, 16458, 16456, 16452, 16448, 16446, 16443, 16440, 16434, 16432, 16428, 16424,
16422, 16416, 16410, 16408, 16407, 16404, 16400, 16398, 16392, 16386, 16384, 16380, 16376,
16374, 16371, 16368, 16362, 16360, 16356, 16352, 16350, 16344, 16338, 16336, 16335, 16332,
16328, 16326, 16320, 16314, 16312, 16308, 16304, 16302, 16299, 16296, 16290, 16288, 16284,
16280, 16278, 16272, 16266, 16264, 16263, 16260, 16256, 16254, 16248, 16242, 16240, 16236,
16232, 16230, 16227, 16224, 16218, 16216, 16212, 16208, 16206, 16200, 16194, 16192, 16191,
16188, 16184, 16182, 16176, 16170, 16168, 16164, 16160, 16158, 16155, 16152, 16146, 16144,
16140, 16136, 16134, 16128, 16122, 16120, 16119, 16116, 16112, 16110, 16104, 16098, 16096,
16092, 16088, 16086, 16083, 16080, 16074, 16072, 16068, 16064, 16062, 16056, 16050, 16048,
16047, 16044, 16040, 16038, 16032, 16026, 16024, 16020, 16016, 16014, 16011, 16008, 16002,
16000, 15996, 15992, 15990, 15984, 15978, 15976, 15975, 15972, 15968, 15966, 15960, 15954,
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15952, 15948, 15944, 15942, 15939, 15936, 15930, 15928, 15924, 15920, 15918, 15912, 15906,
15904, 15903, 15900, 15896, 15894, 15888, 15882, 15880, 15876, 15872, 15870, 15867, 15864,
15858, 15856, 15852, 15848, 15846, 15840, 15834, 15832, 15831, 15828, 15824, 15822, 15816,
15810, 15808, 15804, 15800, 15798, 15795, 15792, 15786, 15784, 15780, 15776, 15774, 15768,
15762, 15760, 15759, 15756, 15752, 15750, 15744, 15738, 15736, 15732, 15728, 15726, 15723,
15720, 15714, 15712, 15708, 15704, 15702, 15696, 15690, 15688, 15687, 15684, 15680, 15678,
15672, 15666, 15664, 15660, 15656, 15654, 15651, 15648, 15642, 15640, 15636, 15632, 15630,
15624, 15618, 15616, 15615, 15612, 15608, 15606, 15600, 15594, 15592, 15588, 15584, 15582,
15579, 15576, 15570, 15568, 15564, 15560, 15558, 15552, 15546, 15544, 15543, 15540, 15536,
15534, 15528, 15522, 15520, 15516, 15512, 15510, 15507, 15504, 15498, 15496, 15492, 15488,
15486, 15480, 15474, 15472, 15471, 15468, 15464, 15462, 15456, 15450, 15448, 15444, 15440,
15438, 15435, 15432, 15426, 15424, 15420, 15416, 15414, 15408, 15402, 15400, 15399, 15396,
15392, 15390, 15384, 15378, 15376, 15372, 15368, 15366, 15363, 15360, 15354, 15352, 15348,
15344, 15342, 15336, 15330, 15328, 15327, 15324, 15320, 15318, 15312, 15306, 15304, 15300,
15296, 15294, 15291, 15288, 15282, 15280, 15276, 15272, 15270, 15264, 15258, 15256, 15255,
15252, 15248, 15246, 15240, 15234, 15232, 15228, 15224, 15222, 15219, 15216, 15210, 15208,
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8020, 8019, 8018, 8016, 8014, 8012, 8010, 8008, 8007, 8006, 8004, 8002, 8001, 8000, 7998, 7996,
7995, 7994, 7992, 7990, 7988, 7986, 7984, 7983, 7982, 7980, 7978, 7976, 7974, 7972, 7971, 7970,
7968, 7966, 7965, 7964, 7962, 7960, 7959, 7958, 7956, 7954, 7952, 7950, 7948, 7947, 7946, 7944,
7942, 7940, 7938, 7936, 7935, 7934, 7932, 7930, 7929, 7928, 7926, 7924, 7923, 7922, 7920, 7918,
7916, 7914, 7912, 7911, 7910, 7908, 7906, 7904, 7902, 7900, 7899, 7898, 7896, 7894, 7893, 7892,
7890, 7888, 7887, 7886, 7884, 7882, 7880, 7878, 7876, 7875, 7874, 7872, 7870, 7868, 7866, 7864,
7863, 7862, 7860, 7858, 7857, 7856, 7854, 7852, 7851, 7850, 7848, 7846, 7844, 7842, 7840, 7839,
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7838, 7836, 7834, 7832, 7830, 7828, 7827, 7826, 7824, 7822, 7821, 7820, 7818, 7816, 7815, 7814,
7812, 7810, 7808, 7806, 7804, 7803, 7802, 7800, 7798, 7796, 7794, 7792, 7791, 7790, 7788, 7786,
7785, 7784, 7782, 7780, 7779, 7778, 7776, 7774, 7772, 7770, 7768, 7767, 7766, 7764, 7762, 7760,
7758, 7756, 7755, 7754, 7752, 7750, 7749, 7748, 7746, 7744, 7743, 7742, 7740, 7738, 7736, 7734,
7732, 7731, 7730, 7728, 7726, 7724, 7722, 7720, 7719, 7718, 7716, 7714, 7713, 7712, 7710, 7708,
7707, 7706, 7704, 7702, 7700, 7698, 7696, 7695, 7694, 7692, 7690, 7688, 7686, 7684, 7683, 7682,
7680, 7678, 7677, 7676, 7674, 7672, 7671, 7670, 7668, 7666, 7664, 7662, 7660, 7659, 7658, 7656,
7654, 7652, 7650, 7648, 7647, 7646, 7644, 7642, 7641, 7640, 7638, 7636, 7635, 7634, 7632, 7630,
7628, 7626, 7624, 7623, 7622, 7620, 7618, 7616, 7614, 7612, 7611, 7610, 7608, 7606, 7605, 7604,
7602, 7600, 7599, 7598, 7596, 7594, 7592, 7590, 7588, 7587, 7586, 7584, 7582, 7580, 7578, 7576,
7575, 7574, 7572, 7570, 7569, 7568, 7566, 7564, 7563, 7562, 7560, 7558, 7556, 7554, 7552, 7551,
7550, 7548, 7546, 7544, 7542, 7540, 7539, 7538, 7536, 7534, 7533, 7532, 7530, 7528, 7527, 7526,
7524, 7522, 7520, 7518, 7516, 7515, 7514, 7512, 7510, 7508, 7506, 7504, 7503, 7502, 7500, 7498,
7497, 7496, 7494, 7492, 7491, 7490, 7488, 7486, 7484, 7482, 7480, 7479, 7478, 7476, 7474, 7472,
7470, 7468, 7467, 7466, 7464, 7462, 7461, 7460, 7458, 7456, 7455, 7454, 7452, 7450, 7448, 7446,
7444, 7443, 7442, 7440, 7438, 7436, 7434, 7432, 7431, 7430, 7428, 7426, 7425, 7424, 7422, 7420,
7419, 7418, 7416, 7414, 7412, 7410, 7408, 7407, 7406, 7404, 7402, 7400, 7398, 7396, 7395, 7394,
7392, 7390, 7389, 7388, 7386, 7384, 7383, 7382, 7380, 7378, 7376, 7374, 7372, 7371, 7370, 7368,
7366, 7364, 7362, 7360, 7359, 7358, 7356, 7354, 7353, 7352, 7350, 7348, 7347, 7346, 7344, 7342,
7340, 7338, 7336, 7335, 7334, 7332, 7330, 7328, 7326, 7324, 7323, 7322, 7320, 7318, 7317, 7316,
7314, 7312, 7311, 7310, 7308, 7306, 7304, 7302, 7300, 7299, 7298, 7296, 7294, 7292, 7290, 7288,
7287, 7286, 7284, 7282, 7281, 7280, 7278, 7276, 7275, 7274, 7272, 7270, 7268, 7266, 7264, 7263,
7262, 7260, 7258, 7256, 7254, 7252, 7251, 7250, 7248, 7246, 7245, 7244, 7242, 7240, 7239, 7238,
7236, 7234, 7232, 7230, 7228, 7227, 7226, 7224, 7222, 7220, 7218, 7216, 7215, 7214, 7212, 7210,
7209, 7208, 7206, 7204, 7203, 7202, 7200, 7198, 7196, 7194, 7192, 7191, 7190, 7188, 7186, 7184,
7182, 7180, 7179, 7178, 7176, 7174, 7173, 7172, 7170, 7168, 7167, 7166, 7164, 7162, 7160, 7158,
7156, 7155, 7154, 7152, 7150, 7148, 7146, 7144, 7143, 7142, 7140, 7138, 7137, 7136, 7134, 7132,
7131, 7130, 7128, 7126, 7124, 7122, 7120, 7119, 7118, 7116, 7114, 7112, 7110, 7108, 7107, 7106,
7104, 7102, 7101, 7100, 7098, 7096, 7095, 7094, 7092, 7090, 7088, 7086, 7084, 7083, 7082, 7080,
7078, 7076, 7074, 7072, 7071, 7070, 7068, 7066, 7065, 7064, 7062, 7060, 7059, 7058, 7056, 7054,
7052, 7050, 7048, 7047, 7046, 7044, 7042, 7040, 7038, 7036, 7035, 7034, 7032, 7030, 7029, 7028,
7026, 7024, 7023, 7022, 7020, 7018, 7016, 7014, 7012, 7011, 7010, 7008, 7006, 7004, 7002, 7000,
6999, 6998, 6996, 6994, 6993, 6992, 6990, 6988, 6987, 6986, 6984, 6982, 6980, 6978, 6976, 6975,
6974, 6972, 6970, 6968, 6966, 6964, 6963, 6962, 6960, 6958, 6957, 6956, 6954, 6952, 6951, 6950,
6948, 6946, 6944, 6942, 6940, 6939, 6938, 6936, 6934, 6932, 6930, 6928, 6927, 6926, 6924, 6922,
6921, 6920, 6918, 6916, 6915, 6914, 6912, 6910, 6908, 6906, 6904, 6903, 6902, 6900, 6898, 6896,
6894, 6892, 6891, 6890, 6888, 6886, 6885, 6884, 6882, 6880, 6879, 6878, 6876, 6874, 6872, 6870,
6868, 6867, 6866, 6864, 6862, 6860, 6858, 6856, 6855, 6854, 6852, 6850, 6849, 6848, 6846, 6844,
6843, 6842, 6840, 6838, 6836, 6834, 6832, 6831, 6830, 6828, 6826, 6824, 6822, 6820, 6819, 6818,
6816, 6814, 6813, 6812, 6810, 6808, 6807, 6806, 6804, 6802, 6800, 6798, 6796, 6795, 6794, 6792,
6790, 6788, 6786, 6784, 6783, 6782, 6780, 6778, 6777, 6776, 6774, 6772, 6771, 6770, 6768, 6766,
6764, 6762, 6760, 6759, 6758, 6756, 6754, 6752, 6750, 6748, 6747, 6746, 6744, 6742, 6741, 6740,
6738, 6736, 6735, 6734, 6732, 6730, 6728, 6726, 6724, 6723, 6722, 6720, 6718, 6716, 6714, 6712,
6711, 6710, 6708, 6706, 6705, 6704, 6702, 6700, 6699, 6698, 6696, 6694, 6692, 6690, 6688, 6687,
6686, 6684, 6682, 6680, 6678, 6676, 6675, 6674, 6672, 6670, 6669, 6668, 6666, 6664, 6663, 6662,
6660, 6658, 6656, 6654, 6652, 6651, 6650, 6648, 6646, 6644, 6642, 6640, 6639, 6638, 6636, 6634,
6633, 6632, 6630, 6628, 6627, 6626, 6624, 6622, 6620, 6618, 6616, 6615, 6614, 6612, 6610, 6608,
6606, 6604, 6603, 6602, 6600, 6598, 6597, 6596, 6594, 6592, 6591, 6590, 6588, 6586, 6584, 6582,
6580, 6579, 6578, 6576, 6574, 6572, 6570, 6568, 6567, 6566, 6564, 6562, 6561, 6560, 6558, 6556,
6555, 6554, 6552, 6550, 6548, 6546, 6544, 6543, 6542, 6540, 6538, 6536, 6534, 6532, 6531, 6530,
6528, 6526, 6525, 6524, 6522, 6520, 6519, 6518, 6516, 6514, 6512, 6510, 6508, 6507, 6506, 6504,
6502, 6500, 6498, 6496, 6495, 6494, 6492, 6490, 6489, 6488, 6486, 6484, 6483, 6482, 6480, 6478,
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6476, 6474, 6472, 6471, 6470, 6468, 6466, 6464, 6462, 6460, 6459, 6458, 6456, 6454, 6453, 6452,
6450, 6448, 6447, 6446, 6444, 6442, 6440, 6438, 6436, 6435, 6434, 6432, 6430, 6428, 6426, 6424,
6423, 6422, 6420, 6418, 6417, 6416, 6414, 6412, 6411, 6410, 6408, 6406, 6404, 6402, 6400, 6399,
6398, 6396, 6394, 6392, 6390, 6388, 6387, 6386, 6384, 6382, 6381, 6380, 6378, 6376, 6375, 6374,
6372, 6370, 6368, 6366, 6364, 6363, 6362, 6360, 6358, 6356, 6354, 6352, 6351, 6350, 6348, 6346,
6345, 6344, 6342, 6340, 6339, 6338, 6336, 6334, 6332, 6330, 6328, 6327, 6326, 6324, 6322, 6320,
6318, 6316, 6315, 6314, 6312, 6310, 6309, 6308, 6306, 6304, 6303, 6302, 6300, 6298, 6296, 6294,
6292, 6291, 6290, 6288, 6286, 6284, 6282, 6280, 6279, 6278, 6276, 6274, 6273, 6272, 6270, 6268,
6267, 6266, 6264, 6262, 6260, 6258, 6256, 6255, 6254, 6252, 6250, 6248, 6246, 6244, 6243, 6242,
6240, 6238, 6237, 6236, 6234, 6232, 6231, 6230, 6228, 6226, 6224, 6222, 6220, 6219, 6218, 6216,
6214, 6212, 6210, 6208, 6207, 6206, 6204, 6202, 6201, 6200, 6198, 6196, 6195, 6194, 6192, 6190,
6188, 6186, 6184, 6183, 6182, 6180, 6178, 6176, 6174, 6172, 6171, 6170, 6168, 6166, 6165, 6164,
6162, 6160, 6159, 6158, 6156, 6154, 6152, 6150, 6148, 6147, 6146, 6144, 6142, 6140, 6138, 6136,
6135, 6134, 6132, 6130, 6129, 6128, 6126, 6124, 6123, 6122, 6120, 6118, 6116, 6114, 6112, 6111,
6110, 6108, 6106, 6104, 6102, 6100, 6099, 6098, 6096, 6094, 6093, 6092, 6090, 6088, 6087, 6086,
6084, 6082, 6080, 6078, 6076, 6075, 6074, 6072, 6070, 6068, 6066, 6064, 6063, 6062, 6060, 6058,
6057, 6056, 6054, 6052, 6051, 6050, 6048, 6046, 6044, 6042, 6040, 6039, 6038, 6036, 6034, 6032,
6030, 6028, 6027, 6026, 6024, 6022, 6021, 6020, 6018, 6016, 6015, 6014, 6012, 6010, 6008, 6006,
6004, 6003, 6002, 6000, 5998, 5996, 5994, 5992, 5991, 5990, 5988, 5986, 5985, 5984, 5982, 5980,
5979, 5978, 5976, 5974, 5972, 5970, 5968, 5967, 5966, 5964, 5962, 5960, 5958, 5956, 5955, 5954,
5952, 5950, 5949, 5948, 5946, 5944, 5943, 5942, 5940, 5938, 5936, 5934, 5932, 5931, 5930, 5928,
5926, 5924, 5922, 5920, 5919, 5918, 5916, 5914, 5913, 5912, 5910, 5908, 5907, 5906, 5904, 5902,
5900, 5898, 5896, 5895, 5894, 5892, 5890, 5888, 5886, 5884, 5883, 5882, 5880, 5878, 5877, 5876,
5874, 5872, 5871, 5870, 5868, 5866, 5864, 5862, 5860, 5859, 5858, 5856, 5854, 5852, 5850, 5848,
5847, 5846, 5844, 5842, 5841, 5840, 5838, 5836, 5835, 5834, 5832, 5830, 5828, 5826, 5824, 5823,
5822, 5820, 5818, 5816, 5814, 5812, 5811, 5810, 5808, 5806, 5805, 5804, 5802, 5800, 5799, 5798,
5796, 5794, 5792, 5790, 5788, 5787, 5786, 5784, 5782, 5780, 5778, 5776, 5775, 5774, 5772, 5770,
5769, 5768, 5766, 5764, 5763, 5762, 5760, 5758, 5756, 5754, 5752, 5751, 5750, 5748, 5746, 5744,
5742, 5740, 5739, 5738, 5736, 5734, 5733, 5732, 5730, 5728, 5727, 5726, 5724, 5722, 5720, 5718,
5716, 5715, 5714, 5712, 5710, 5708, 5706, 5704, 5703, 5702, 5700, 5698, 5697, 5696, 5694, 5692,
5691, 5690, 5688, 5686, 5684, 5682, 5680, 5679, 5678, 5676, 5674, 5672, 5670, 5668, 5667, 5666,
5664, 5662, 5661, 5660, 5658, 5656, 5655, 5654, 5652, 5650, 5648, 5646, 5644, 5643, 5642, 5640,
5638, 5636, 5634, 5632, 5631, 5630, 5628, 5626, 5625, 5624, 5622, 5620, 5619, 5618, 5616, 5614,
5612, 5610, 5608, 5607, 5606, 5604, 5602, 5600, 5598, 5596, 5595, 5594, 5592, 5590, 5589, 5588,
5586, 5584, 5583, 5582, 5580, 5578, 5576, 5574, 5572, 5571, 5570, 5568, 5566, 5564, 5562, 5560,
5559, 5558, 5556, 5554, 5553, 5552, 5550, 5548, 5547, 5546, 5544, 5542, 5540, 5538, 5536, 5535,
5534, 5532, 5530, 5528, 5526, 5524, 5523, 5522, 5520, 5518, 5517, 5516, 5514, 5512, 5511, 5510,
5508, 5506, 5504, 5502, 5500, 5499, 5498, 5496, 5494, 5492, 5490, 5488, 5487, 5486, 5484, 5482,
5481, 5480, 5478, 5476, 5475, 5474, 5472, 5470, 5468, 5466, 5464, 5463, 5462, 5460, 5458, 5456,
5454, 5452, 5451, 5450, 5448, 5446, 5445, 5444, 5442, 5440, 5439, 5438, 5436, 5434, 5432, 5430,
5428, 5427, 5426, 5424, 5422, 5420, 5418, 5416, 5415, 5414, 5412, 5410, 5409, 5408, 5406, 5404,
5403, 5402, 5400, 5398, 5396, 5394, 5392, 5391, 5390, 5388, 5386, 5384, 5382, 5380, 5379, 5378,
5376, 5374, 5373, 5372, 5370, 5368, 5367, 5366, 5364, 5362, 5360, 5358, 5356, 5355, 5354, 5352,
5350, 5348, 5346, 5344, 5343, 5342, 5340, 5338, 5337, 5336, 5334, 5332, 5331, 5330, 5328, 5326,
5324, 5322, 5320, 5319, 5318, 5316, 5314, 5312, 5310, 5308, 5307, 5306, 5304, 5302, 5301, 5300,
5298, 5296, 5295, 5294, 5292, 5290, 5288, 5286, 5284, 5283, 5282, 5280, 5278, 5276, 5274, 5272,
5271, 5270, 5268, 5266, 5265, 5264, 5262, 5260, 5259, 5258, 5256, 5254, 5252, 5250, 5248, 5247,
5246, 5244, 5242, 5240, 5238, 5236, 5235, 5234, 5232, 5230, 5229, 5228, 5226, 5224, 5223, 5222,
5220, 5218, 5216, 5214, 5212, 5211, 5210, 5208, 5206, 5204, 5202, 5200, 5199, 5198, 5196, 5194,
5193, 5192, 5190, 5188, 5187, 5186, 5184, 5182, 5180, 5178, 5176, 5175, 5174, 5172, 5170, 5168,
5166, 5164, 5163, 5162, 5160, 5158, 5157, 5156, 5154, 5152, 5151, 5150, 5148, 5146, 5144, 5142,
5140, 5139, 5138, 5136, 5134, 5132, 5130, 5128, 5127, 5126, 5124, 5122, 5121, 5120, 5118, 5116,
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5088, 5086, 5085, 5084, 5082, 5080, 5079, 5078, 5076, 5074, 5072, 5070, 5068, 5067, 5066, 5064,
5062, 5060, 5058, 5056, 5055, 5054, 5052, 5050, 5049, 5048, 5046, 5044, 5043, 5042, 5040, 5038,
5036, 5034, 5032, 5031, 5030, 5028, 5026, 5024, 5022, 5020, 5019, 5018, 5016, 5014, 5013, 5012,
5010, 5008, 5007, 5006, 5004, 5002, 5000, 4998, 4996, 4995, 4994, 4992, 4990, 4988, 4986, 4984,
4983, 4982, 4980, 4978, 4977, 4976, 4974, 4972, 4971, 4970, 4968, 4966, 4964, 4962, 4960, 4959,
4958, 4956, 4954, 4952, 4950, 4948, 4947, 4946, 4944, 4942, 4941, 4940, 4938, 4936, 4935, 4934,
4932, 4930, 4928, 4926, 4924, 4923, 4922, 4920, 4918, 4916, 4914, 4912, 4911, 4910, 4908, 4906,
4905, 4904, 4902, 4900, 4899, 4898, 4896, 4894, 4892, 4890, 4888, 4887, 4886, 4884, 4882, 4880,
4878, 4876, 4875, 4874, 4872, 4870, 4869, 4868, 4866, 4864, 4863, 4862, 4860, 4858, 4856, 4854,
4852, 4851, 4850, 4848, 4846, 4844, 4842, 4840, 4839, 4838, 4836, 4834, 4833, 4832, 4830, 4828,
4827, 4826, 4824, 4822, 4820, 4818, 4816, 4815, 4814, 4812, 4810, 4808, 4806, 4804, 4803, 4802,
4800, 4798, 4797, 4796, 4794, 4792, 4791, 4790, 4788, 4786, 4784, 4782, 4780, 4779, 4778, 4776,
4774, 4772, 4770, 4768, 4767, 4766, 4764, 4762, 4761, 4760, 4758, 4756, 4755, 4754, 4752, 4750,
4748, 4746, 4744, 4743, 4742, 4740, 4738, 4736, 4734, 4732, 4731, 4730, 4728, 4726, 4725, 4724,
4722, 4720, 4719, 4718, 4716, 4714, 4712, 4710, 4708, 4707, 4706, 4704, 4702, 4700, 4698, 4696,
4695, 4694, 4692, 4690, 4689, 4688, 4686, 4684, 4683, 4682, 4680, 4678, 4676, 4674, 4672, 4671,
4670, 4668, 4666, 4664, 4663, 4662, 4660, 4659, 4658, 4656, 4655, 4654, 4653, 4652, 4651, 4650,
4648, 4647, 4646, 4644, 4643, 4642, 4640, 4639, 4638, 4636, 4635, 4634, 4632, 4631, 4630, 4628,
4627, 4626, 4624, 4623, 4622, 4620, 4619, 4618, 4617, 4616, 4615, 4614, 4612, 4611, 4610, 4608,
4607, 4606, 4604, 4603, 4602, 4600, 4599, 4598, 4596, 4595, 4594, 4592, 4591, 4590, 4588, 4587,
4586, 4584, 4583, 4582, 4581, 4580, 4579, 4578, 4576, 4575, 4574, 4572, 4571, 4570, 4568, 4567,
4566, 4564, 4563, 4562, 4560, 4559, 4558, 4556, 4555, 4554, 4552, 4551, 4550, 4548, 4547, 4546,
4545, 4544, 4543, 4542, 4540, 4539, 4538, 4536, 4535, 4534, 4532, 4531, 4530, 4528, 4527, 4526,
4524, 4523, 4522, 4520, 4519, 4518, 4516, 4515, 4514, 4512, 4511, 4510, 4509, 4508, 4507, 4506,
4504, 4503, 4502, 4500, 4499, 4498, 4496, 4495, 4494, 4492, 4491, 4490, 4488, 4487, 4486, 4484,
4483, 4482, 4480, 4479, 4478, 4476, 4475, 4474, 4473, 4472, 4471, 4470, 4468, 4467, 4466, 4464,
4463, 4462, 4460, 4459, 4458, 4456, 4455, 4454, 4452, 4451, 4450, 4448, 4447, 4446, 4444, 4443,
4442, 4440, 4439, 4438, 4437, 4436, 4435, 4434, 4432, 4431, 4430, 4428, 4427, 4426, 4424, 4423,
4422, 4420, 4419, 4418, 4416, 4415, 4414, 4412, 4411, 4410, 4408, 4407, 4406, 4404, 4403, 4402,
4401, 4400, 4399, 4398, 4396, 4395, 4394, 4392, 4391, 4390, 4388, 4387, 4386, 4384, 4383, 4382,
4380, 4379, 4378, 4376, 4375, 4374, 4372, 4371, 4370, 4368, 4367, 4366, 4365, 4364, 4363, 4362,
4360, 4359, 4358, 4356, 4355, 4354, 4352, 4351, 4350, 4348, 4347, 4346, 4344, 4343, 4342, 4340,
4339, 4338, 4336, 4335, 4334, 4332, 4331, 4330, 4329, 4328, 4327, 4326, 4324, 4323, 4322, 4320,
4319, 4318, 4316, 4315, 4314, 4312, 4311, 4310, 4308, 4307, 4306, 4304, 4303, 4302, 4300, 4299,
4298, 4296, 4295, 4294, 4293, 4292, 4291, 4290, 4288, 4287, 4286, 4284, 4283, 4282, 4280, 4279,
4278, 4276, 4275, 4274, 4272, 4271, 4270, 4268, 4267, 4266, 4264, 4263, 4262, 4260, 4259, 4258,
4257, 4256, 4255, 4254, 4252, 4251, 4250, 4248, 4247, 4246, 4244, 4243, 4242, 4240, 4239, 4238,
4236, 4235, 4234, 4232, 4231, 4230, 4228, 4227, 4226, 4224, 4223, 4222, 4221, 4220, 4219, 4218,
4216, 4215, 4214, 4212, 4211, 4210, 4208, 4207, 4206, 4204, 4203, 4202, 4200, 4199, 4198, 4196,
4195, 4194, 4192, 4191, 4190, 4188, 4187, 4186, 4185, 4184, 4183, 4182, 4180, 4179, 4178, 4176,
4175, 4174, 4172, 4171, 4170, 4168, 4167, 4166, 4164, 4163, 4162, 4160, 4159, 4158, 4156, 4155,
4154, 4152, 4151, 4150, 4149, 4148, 4147, 4146, 4144, 4143, 4142, 4140, 4139, 4138, 4136, 4135,
4134, 4132, 4131, 4130, 4128, 4127, 4126, 4124, 4123, 4122, 4120, 4119, 4118, 4116, 4115, 4114,
4113, 4112, 4111, 4110, 4108, 4107, 4106, 4104, 4103, 4102, 4100, 4099, 4098, 4096, 4095, 4094,
4092, 4091, 4090, 4088, 4087, 4086, 4084, 4083, 4082, 4080, 4079, 4078, 4077, 4076, 4075, 4074,
4072, 4071, 4070, 4068, 4067, 4066, 4064, 4063, 4062, 4060, 4059, 4058, 4056, 4055, 4054, 4052,
4051, 4050, 4048, 4047, 4046, 4044, 4043, 4042, 4041, 4040, 4039, 4038, 4036, 4035, 4034, 4032,
4031, 4030, 4028, 4027, 4026, 4024, 4023, 4022, 4020, 4019, 4018, 4016, 4015, 4014, 4012, 4011,
4010, 4008, 4007, 4006, 4005, 4004, 4003, 4002, 4000, 3999, 3998, 3996, 3995, 3994, 3992, 3991,
3990, 3988, 3987, 3986, 3984, 3983, 3982, 3980, 3979, 3978, 3976, 3975, 3974, 3972, 3971, 3970,
3969, 3968, 3967, 3966, 3964, 3963, 3962, 3960, 3959, 3958, 3956, 3955, 3954, 3952, 3951, 3950,
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3948, 3947, 3946, 3944, 3943, 3942, 3940, 3939, 3938, 3936, 3935, 3934, 3933, 3932, 3931, 3930,
3928, 3927, 3926, 3924, 3923, 3922, 3920, 3919, 3918, 3916, 3915, 3914, 3912, 3911, 3910, 3908,
3907, 3906, 3904, 3903, 3902, 3900, 3899, 3898, 3897, 3896, 3895, 3894, 3892, 3891, 3890, 3888,
3887, 3886, 3884, 3883, 3882, 3880, 3879, 3878, 3876, 3875, 3874, 3872, 3871, 3870, 3868, 3867,
3866, 3864, 3863, 3862, 3861, 3860, 3859, 3858, 3856, 3855, 3854, 3852, 3851, 3850, 3848, 3847,
3846, 3844, 3843, 3842, 3840, 3839, 3838, 3836, 3835, 3834, 3832, 3831, 3830, 3828, 3827, 3826,
3825, 3824, 3823, 3822, 3820, 3819, 3818, 3816, 3815, 3814, 3812, 3811, 3810, 3808, 3807, 3806,
3804, 3803, 3802, 3800, 3799, 3798, 3796, 3795, 3794, 3792, 3791, 3790, 3789, 3788, 3787, 3786,
3784, 3783, 3782, 3780, 3779, 3778, 3777, 3776, 3775, 3774, 3772, 3771, 3770, 3768, 3767, 3766,
3765, 3764, 3763, 3762, 3760, 3759, 3758, 3756, 3755, 3754, 3753, 3752, 3751, 3750, 3748, 3747,
3746, 3744, 3743, 3742, 3741, 3740, 3739, 3738, 3736, 3735, 3734, 3732, 3731, 3730, 3729, 3728,
3727, 3726, 3724, 3723, 3722, 3720, 3719, 3718, 3717, 3716, 3715, 3714, 3712, 3711, 3710, 3708,
3707, 3706, 3705, 3704, 3703, 3702, 3700, 3699, 3698, 3696, 3695, 3694, 3693, 3692, 3691, 3690,
3688, 3687, 3686, 3684, 3683, 3682, 3681, 3680, 3679, 3678, 3676, 3675, 3674, 3672, 3671, 3670,
3669, 3668, 3667, 3666, 3664, 3663, 3662, 3660, 3659, 3658, 3657, 3656, 3655, 3654, 3652, 3651,
3650, 3648, 3647, 3646, 3645, 3644, 3643, 3642, 3640, 3639, 3638, 3636, 3635, 3634, 3633, 3632,
3631, 3630, 3628, 3627, 3626, 3624, 3623, 3622, 3621, 3620, 3619, 3618, 3616, 3615, 3614, 3612,
3611, 3610, 3609, 3608, 3607, 3606, 3604, 3603, 3602, 3600, 3599, 3598, 3597, 3596, 3595, 3594,
3592, 3591, 3590, 3588, 3587, 3586, 3585, 3584, 3583, 3582, 3580, 3579, 3578, 3576, 3575, 3574,
3573, 3572, 3571, 3570, 3568, 3567, 3566, 3564, 3563, 3562, 3561, 3560, 3559, 3558, 3556, 3555,
3554, 3552, 3551, 3550, 3549, 3548, 3547, 3546, 3544, 3543, 3542, 3540, 3539, 3538, 3537, 3536,
3535, 3534, 3532, 3531, 3530, 3528, 3527, 3526, 3525, 3524, 3523, 3522, 3520, 3519, 3518, 3516,
3515, 3514, 3513, 3512, 3511, 3510, 3508, 3507, 3506, 3504, 3503, 3502, 3501, 3500, 3499, 3498,
3496, 3495, 3494, 3492, 3491, 3490, 3489, 3488, 3487, 3486, 3484, 3483, 3482, 3480, 3479, 3478,
3477, 3476, 3475, 3474, 3472, 3471, 3470, 3468, 3467, 3466, 3465, 3464, 3463, 3462, 3460, 3459,
3458, 3456, 3455, 3454, 3453, 3452, 3451, 3450, 3448, 3447, 3446, 3444, 3443, 3442, 3441, 3440,
3439, 3438, 3436, 3435, 3434, 3432, 3431, 3430, 3429, 3428, 3427, 3426, 3424, 3423, 3422, 3420,
3419, 3418, 3417, 3416, 3415, 3414, 3412, 3411, 3410, 3408, 3407, 3406, 3405, 3404, 3403, 3402,
3400, 3399, 3398, 3396, 3395, 3394, 3393, 3392, 3391, 3390, 3388, 3387, 3386, 3384, 3383, 3382,
3381, 3380, 3379, 3378, 3376, 3375, 3374, 3372, 3371, 3370, 3369, 3368, 3367, 3366, 3364, 3363,
3362, 3360, 3359, 3358, 3357, 3356, 3355, 3354, 3352, 3351, 3350, 3348, 3347, 3346, 3345, 3344,
3343, 3342, 3340, 3339, 3338, 3336, 3335, 3334, 3333, 3332, 3331, 3330, 3328, 3327, 3326, 3324,
3323, 3322, 3321, 3320, 3319, 3318, 3316, 3315, 3314, 3312, 3311, 3310, 3309, 3308, 3307, 3306,
3304, 3303, 3302, 3300, 3299, 3298, 3297, 3296, 3295, 3294, 3292, 3291, 3290, 3288, 3287, 3286,
3285, 3284, 3283, 3282, 3280, 3279, 3278, 3276, 3275, 3274, 3273, 3272, 3271, 3270, 3268, 3267,
3266, 3264, 3263, 3262, 3261, 3260, 3259, 3258, 3256, 3255, 3254, 3252, 3251, 3250, 3249, 3248,
3247, 3246, 3244, 3243, 3242, 3240, 3239, 3238, 3237, 3236, 3235, 3234, 3232, 3231, 3230, 3228,
3227, 3226, 3225, 3224, 3223, 3222, 3220, 3219, 3218, 3216, 3215, 3214, 3213, 3212, 3211, 3210,
3208, 3207, 3206, 3204, 3203, 3202, 3201, 3200, 3199, 3198, 3196, 3195, 3194, 3192, 3191, 3190,
3189, 3188, 3187, 3186, 3184, 3183, 3182, 3180, 3179, 3178, 3177, 3176, 3175, 3174, 3172, 3171,
3170, 3168, 3167, 3166, 3165, 3164, 3163, 3162, 3160, 3159, 3158, 3156, 3155, 3154, 3153, 3152,
3151, 3150, 3148, 3147, 3146, 3144, 3143, 3142, 3141, 3140, 3139, 3138, 3136, 3135, 3134, 3132,
3131, 3130, 3129, 3128, 3127, 3126, 3124, 3123, 3122, 3120, 3119, 3118, 3117, 3116, 3115, 3114,
3112, 3111, 3110, 3108, 3107, 3106, 3105, 3104, 3103, 3102, 3100, 3099, 3098, 3096, 3095, 3094,
3093, 3092, 3091, 3090, 3088, 3087, 3086, 3084, 3083, 3082, 3081, 3080, 3079, 3078, 3076, 3075,
3074, 3072, 3071, 3070, 3069, 3068, 3067, 3066, 3064, 3063, 3062, 3060, 3059, 3058, 3057, 3056,
3055, 3054, 3052, 3051, 3050, 3048, 3047, 3046, 3045, 3044, 3043, 3042, 3040, 3039, 3038, 3036,
3035, 3034, 3033, 3032, 3031, 3030, 3028, 3027, 3026, 3024, 3023, 3022, 3021, 3020, 3019, 3018,
3016, 3015, 3014, 3012, 3011, 3010, 3009, 3008, 3007, 3006, 3004, 3003, 3002, 3000, 2999, 2998,
2997, 2996, 2995, 2994, 2992, 2991, 2990, 2988, 2987, 2986, 2985, 2984, 2983, 2982, 2980, 2979,
2978, 2976, 2975, 2974, 2973, 2972, 2971, 2970, 2968, 2967, 2966, 2964, 2963, 2962, 2961, 2960,
2959, 2958, 2956, 2955, 2954, 2952, 2951, 2950, 2949, 2948, 2947, 2946, 2944, 2943, 2942, 2940,
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2939, 2938, 2937, 2936, 2935, 2934, 2932, 2931, 2930, 2928, 2927, 2926, 2925, 2924, 2923, 2922,
2920, 2919, 2918, 2916, 2915, 2914, 2913, 2912, 2911, 2910, 2908, 2907, 2906, 2904, 2903, 2902,
2901, 2900, 2899, 2898, 2896, 2895, 2894, 2892, 2891, 2890, 2889, 2888, 2887, 2886, 2884, 2883,
2882, 2880, 2879, 2878, 2877, 2876, 2875, 2874, 2872, 2871, 2870, 2868, 2867, 2866, 2865, 2864,
2863, 2862, 2860, 2859, 2858, 2856, 2855, 2854, 2853, 2852, 2851, 2850, 2848, 2847, 2846, 2844,
2843, 2842, 2841, 2840, 2839, 2838, 2836, 2835, 2834, 2832, 2831, 2830, 2829, 2828, 2827, 2826,
2824, 2823, 2822, 2820, 2819, 2818, 2817, 2816, 2815, 2814, 2812, 2811, 2810, 2808, 2807, 2806,
2805, 2804, 2803, 2802, 2800, 2799, 2798, 2796, 2795, 2794, 2793, 2792, 2791, 2790, 2788, 2787,
2786, 2784, 2783, 2782, 2781, 2780, 2779, 2778, 2776, 2775, 2774, 2772, 2771, 2770, 2769, 2768,
2767, 2766, 2764, 2763, 2762, 2760, 2759, 2758, 2757, 2756, 2755, 2754, 2752, 2751, 2750, 2748,
2747, 2746, 2745, 2744, 2743, 2742, 2740, 2739, 2738, 2736, 2735, 2734, 2733, 2732, 2731, 2730,
2728, 2727, 2726, 2724, 2723, 2722, 2721, 2720, 2719, 2718, 2716, 2715, 2714, 2712, 2711, 2710,
2709, 2708, 2707, 2706, 2704, 2703, 2702, 2700, 2699, 2698, 2697, 2696, 2695, 2694, 2692, 2691,
2690, 2688, 2687, 2686, 2685, 2684, 2683, 2682, 2680, 2679, 2678, 2676, 2675, 2674, 2673, 2672,
2671, 2670, 2668, 2667, 2666, 2664, 2663, 2662, 2661, 2660, 2659, 2658, 2656, 2655, 2654, 2652,
2651, 2650, 2649, 2648, 2647, 2646, 2644, 2643, 2642, 2640, 2639, 2638, 2637, 2636, 2635, 2634,
2632, 2631, 2630, 2628, 2627, 2626, 2625, 2624, 2623, 2622, 2620, 2619, 2618, 2616, 2615, 2614,
2613, 2612, 2611, 2610, 2608, 2607, 2606, 2604, 2603, 2602, 2601, 2600, 2599, 2598, 2596, 2595,
2594, 2592, 2591, 2590, 2589, 2588, 2587, 2586, 2584, 2583, 2582, 2580, 2579, 2578, 2577, 2576,
2575, 2574, 2572, 2571, 2570, 2568, 2567, 2566, 2565, 2564, 2563, 2562, 2560, 2559, 2558, 2556,
2555, 2554, 2553, 2552, 2551, 2550, 2548, 2547, 2546, 2544, 2543, 2542, 2541, 2540, 2539, 2538,
2536, 2535, 2534, 2532, 2531, 2530, 2529, 2528, 2527, 2526, 2524, 2523, 2522, 2520, 2519, 2518,
2517, 2516, 2515, 2514, 2512, 2511, 2510, 2508, 2507, 2506, 2505, 2504, 2503, 2502, 2500, 2499,
2498, 2496, 2495, 2494, 2493, 2492, 2491, 2490, 2488, 2487, 2486, 2484, 2483, 2482, 2481, 2480,
2479, 2478, 2476, 2475, 2474, 2472, 2471, 2470, 2469, 2468, 2467, 2466, 2464, 2463, 2462, 2460,
2459, 2458, 2457, 2456, 2455, 2454, 2452, 2451, 2450, 2448, 2447, 2446, 2445, 2444, 2443, 2442,
2440, 2439, 2438, 2436, 2435, 2434, 2433, 2432, 2431, 2430, 2428, 2427, 2426, 2424, 2423, 2422,
2421, 2420, 2419, 2418, 2416, 2415, 2414, 2412, 2411, 2410, 2409, 2408, 2407, 2406, 2404, 2403,
2402, 2400, 2399, 2398, 2397, 2396, 2395, 2394, 2392, 2391, 2390, 2388, 2387, 2386, 2385, 2384,
2383, 2382, 2380, 2379, 2378, 2376, 2375, 2374, 2373, 2372, 2371, 2370, 2368, 2367, 2366, 2364,
2363, 2362, 2361, 2360, 2359, 2358, 2356, 2355, 2354, 2352, 2351, 2350, 2349, 2348, 2347, 2346,
2344, 2343, 2342, 2340, 2339, 2338, 2337, 2336, 2335, 2334, 2332, 2331, 2330, 2328, 2327, 2326,
2325, 2324, 2323, 2322, 2320, 2319, 2318, 2316, 2315, 2314, 2313, 2312, 2311, 2310, 2308, 2307,
2306, 2304, 2303, 2302, 2301, 2300, 2299, 2298, 2296, 2295, 2294, 2292, 2291, 2290, 2289, 2288,
2287, 2286, 2284, 2283, 2282, 2280, 2279, 2278, 2277, 2276, 2275, 2274, 2272, 2271, 2270, 2268,
2267, 2266, 2265, 2264, 2263, 2262, 2260, 2259, 2258, 2256, 2255, 2254, 2253, 2252, 2251, 2250,
2248, 2247, 2246, 2244, 2243, 2242, 2241, 2240, 2239, 2238, 2236, 2235, 2234, 2232, 2231, 2230,
2229, 2228, 2227, 2226, 2224, 2223, 2222, 2220, 2219, 2218, 2217, 2216, 2215, 2214, 2212, 2211,
2210, 2208, 2207, 2206, 2205, 2204, 2203, 2202, 2200, 2199, 2198, 2196, 2195, 2194, 2193, 2192,
2191, 2190, 2188, 2187, 2186, 2184, 2183, 2182, 2181, 2180, 2179, 2178, 2176, 2175, 2174, 2172,
2171, 2170, 2169, 2168, 2167, 2166, 2164, 2163, 2162, 2160, 2159, 2158, 2157, 2156, 2155, 2154,
2152, 2151, 2150, 2148, 2147, 2146, 2145, 2144, 2143, 2142, 2140, 2139, 2138, 2136, 2135, 2134,
2133, 2132, 2131, 2130, 2128, 2127, 2126, 2124, 2123, 2122, 2121, 2120, 2119, 2118, 2116, 2115,
2114, 2112, 2111, 2110, 2109, 2108, 2107, 2106, 2104, 2103, 2102, 2100, 2099, 2098, 2097, 2096,
2095, 2094, 2092, 2091, 2090, 2088, 2087, 2086, 2085, 2084, 2083, 2082, 2080, 2079, 2078, 2076,
2075, 2074, 2073, 2072, 2071, 2070, 2068, 2067, 2066, 2064, 2063, 2062, 2061, 2060, 2059, 2058,
2056, 2055, 2054, 2052, 2051, 2050, 2049, 2048, 2047, 2046, 2044, 2043, 2042, 2040, 2039, 2038,
2037, 2036, 2035, 2034, 2032, 2031, 2030, 2028, 2027, 2026, 2025, 2024, 2023, 2022, 2020, 2019,
2018, 2016, 2015, 2014, 2013, 2012, 2011, 2010, 2008, 2007, 2006, 2004, 2003, 2002, 2001, 2000,
1999, 1998, 1996, 1995, 1994, 1992, 1991, 1990, 1989, 1988, 1987, 1986, 1984, 1983, 1982, 1980,
1979, 1978, 1977, 1976, 1975, 1974, 1972, 1971, 1970, 1968, 1967, 1966, 1965, 1964, 1963, 1962,
1960, 1959, 1958, 1956, 1955, 1954, 1953, 1952, 1951, 1950, 1948, 1947, 1946, 1944, 1943, 1942,
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1941, 1940, 1939, 1938, 1936, 1935, 1934, 1932, 1931, 1930, 1929, 1928, 1927, 1926, 1924, 1923,
1922, 1920, 1919, 1918, 1917, 1916, 1915, 1914, 1912, 1911, 1910, 1908, 1907, 1906, 1905, 1904,
1903, 1902, 1900, 1899, 1898, 1896, 1895, 1894, 1893, 1892, 1891, 1890, 1888, 1887, 1886, 1884,
1883, 1882, 1881, 1880, 1879, 1878, 1876, 1875, 1874, 1872, 1871, 1870, 1869, 1868, 1867, 1866,
1864, 1863, 1862, 1860, 1859, 1858, 1857, 1856, 1855, 1854, 1852, 1851, 1850, 1848, 1847, 1846,
1845, 1844, 1843, 1842, 1840, 1839, 1838, 1836, 1835, 1834, 1833, 1832, 1831, 1830, 1828, 1827,
1826, 1824, 1823, 1822, 1821, 1820, 1819, 1818, 1816, 1815, 1814, 1812, 1811, 1810, 1809, 1808,
1807, 1806, 1804, 1803, 1802, 1800, 1799, 1798, 1797, 1796, 1795, 1794, 1792, 1791, 1790, 1788,
1787, 1786, 1785, 1784, 1783, 1782, 1780, 1779, 1778, 1776, 1775, 1774, 1773, 1772, 1771, 1770,
1768, 1767, 1766, 1764, 1763, 1762, 1761, 1760, 1759, 1758, 1756, 1755, 1754, 1752, 1751, 1750,
1749, 1748, 1747, 1746, 1744, 1743, 1742, 1740, 1739, 1738, 1737, 1736, 1735, 1734, 1732, 1731,
1730, 1728, 1727, 1726, 1725, 1724, 1723, 1722, 1720, 1719, 1718, 1716, 1715, 1714, 1713, 1712,
1711, 1710, 1708, 1707, 1706, 1704, 1703, 1702, 1701, 1700, 1699, 1698, 1696, 1695, 1694, 1692,
1691, 1690, 1689, 1688, 1687, 1686, 1684, 1683, 1682, 1680, 1679, 1678, 1677, 1676, 1675, 1674,
1672, 1671, 1670, 1668, 1667, 1666, 1665, 1664, 1663, 1662, 1660, 1659, 1658, 1656, 1655, 1654,
1653, 1652, 1651, 1650, 1648, 1647, 1646, 1644, 1643, 1642, 1641, 1640, 1639, 1638, 1636, 1635,
1634, 1632, 1631, 1630, 1629, 1628, 1627, 1626, 1624, 1623, 1622, 1620, 1619, 1618, 1617, 1616,
1615, 1614, 1612, 1611, 1610, 1608, 1607, 1606, 1605, 1604, 1603, 1602, 1600, 1599, 1598, 1596,
1595, 1594, 1593, 1592, 1591, 1590, 1588, 1587, 1586, 1584, 1583, 1582, 1581, 1580, 1579, 1578,
1576, 1575, 1574, 1572, 1571, 1570, 1569, 1568, 1567, 1566, 1564, 1563, 1562, 1560, 1559, 1558,
1557, 1556, 1555, 1554, 1552, 1551, 1550, 1548, 1547, 1546, 1545, 1544, 1543, 1542, 1540, 1539,
1538, 1536, 1535, 1534, 1533, 1532, 1531, 1530, 1528, 1527, 1526, 1524, 1523, 1522, 1521, 1520,
1519, 1518, 1516, 1515, 1514, 1512, 1511, 1510, 1509, 1508, 1507, 1506, 1504, 1503, 1502, 1500,
1499, 1498, 1497, 1496, 1495, 1494, 1492, 1491, 1490, 1488, 1487, 1486, 1485, 1484, 1483, 1482,
1480, 1479, 1478, 1476, 1475, 1474, 1473, 1472, 1471, 1470, 1468, 1467, 1466, 1464, 1463, 1462,
1461, 1460, 1459, 1458, 1456, 1455, 1454, 1452, 1451, 1450, 1449, 1448, 1447, 1446, 1444, 1443,
1442, 1440, 1439, 1438, 1437, 1436, 1435, 1434, 1432, 1431, 1430, 1428, 1427, 1426, 1425, 1424,
1423, 1422, 1420, 1419, 1418, 1416, 1415, 1414, 1413, 1412, 1411, 1410, 1408, 1407, 1406, 1404,
1403, 1402, 1401, 1400, 1399, 1398, 1396, 1395, 1394, 1392, 1391, 1390, 1389, 1388, 1387, 1386,
1384, 1383, 1382, 1380, 1379, 1378, 1377, 1376, 1375, 1374, 1372, 1371, 1370, 1368, 1367, 1366,
1365, 1364, 1363, 1362, 1360, 1359, 1358, 1356, 1355, 1354, 1353, 1352, 1351, 1350, 1348, 1347,
1346, 1344, 1343, 1342, 1341, 1340, 1339, 1338, 1336, 1335, 1334, 1332, 1331, 1330, 1329, 1328,
1327, 1326, 1324, 1323, 1322, 1320, 1319, 1318, 1317, 1316, 1315, 1314, 1312, 1311, 1310, 1308,
1307, 1306, 1305, 1304, 1303, 1302, 1300, 1299, 1298, 1296, 1295, 1294, 1293, 1292, 1291, 1290,
1288, 1287, 1286, 1284, 1283, 1282, 1281, 1280, 1279, 1278, 1276, 1275, 1274, 1272, 1271, 1270,
1269, 1268, 1267, 1266, 1264, 1263, 1262, 1260, 1259, 1258, 1257, 1256, 1255, 1254, 1252, 1251,
1250, 1248, 1247, 1246, 1245, 1244, 1243, 1242, 1240, 1239, 1238, 1236, 1235, 1234, 1233, 1232,
1231, 1230, 1228, 1227, 1226, 1224, 1223, 1222, 1221, 1220, 1219, 1218, 1216, 1215, 1214, 1212,
1211, 1210, 1209, 1208, 1207, 1206, 1204, 1203, 1202, 1200, 1199, 1198, 1197, 1196, 1195, 1194,
1192, 1191, 1190, 1188, 1187, 1186, 1185, 1184, 1183, 1182, 1180, 1179, 1178, 1176, 1175, 1174,
1173, 1172, 1171, 1170.
